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ABSTRACT

Radiation dose distribution measurements have been carried out by the Naval Surface
Warfare Center (NSWC) using 200 and 391 MeV electron beams completely penetrating
layers of Aluminum, lead and aluminum, polymethyl methacrylate (PMMA), and PMMA
sandwiching an air gap. For the case of 391 MeV electrons, the results have been compared
previously to the correspondingdistributions predicted by the Monte Carlo simulation codes
EGS3 and ACCEPT [Ref. 1]. Those measurements/predictions for 391 MeV are here
compared to predictionsby the CYLTRAN electron/photon transport code, and the 200 MeV
measurements done by NSWC are compared to CYLTRAN calculations. The CYLTRAN
code predictions agree well with measurements at 391 MeV. Comparison of CYLTRAN
calculations with the NSWC results for 200 MeV indicates possible saturation of the
detectors used to take the measurements. The distribution of energy dose within the target
has a large dependence on the location of the air gap. The variation in dose distribution is

caused by the change in target geometry resulting from insertion of the air gap.
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I. INTRODUCTION

The objective of this work is to test the ability of a
computer model, using the Integrated Tiger Series (ITS) code,
to accurately predict the behavior of radiation cascades
caused when a high energy electron beam traverses a solid
target. The approach used has been to study experimental
measurements, construct a computer model suitable for use as
input to the ITS simulation code system, run the code, and
compare the results to the measurements. In order to
understand the approach taken in the construction of the
computer model forming the basis of this work, some details of
the experiments to which the model will be compared must be
examined.
A. BACKGROUND

Researchers from the Naval Surface Warfare Center (NSWC)
have conducted experiments at the Massachusetts Institute of
Technology, Bates Linear Accelerator Center to measure the
three-dimensional spatial distribution of energy deposited by
radiation showers in a multilayer, multi-element target stack
when the target is bombarded by a high energy electron beam
[Ref. 1, 2, and 3]. The experiment by NSWC was conducted using
200 MeV and 391 MeV electrons incident on four separate target
stack configurations. The results of the 391 MeV experiment

were compared with energy deposition distributions calculated




using two different Monte Carlo electron transport model
computer codes, EGS3 (Electron-Gamma Shower, Version 3) and
ACCEPT. The EGS (for Electron-Gamma-Shower) system of
computer codes is a general purpose package developed by the
Stanford Linear Accelerator Center (SLAC) for the Monte Carlo
simulation of coupled electron and photon transport in
arbitrary geometry. ACCEPT is one of a series of codes based
on ETRAN [Ref. 5] called the Integrated Tiger Series (ITS),
developed by Sandia National Laboratory [Ref. 4].

The target materials examined in the NSWC worl. were
Aluminum, Lead followed by Aluminum, Polymethyl Methacrylate
(PMMA, also known as Lucite or Plexiglass), and PMMA
sandwiching an air gap. Target plates of roughly equal
thickness were constructed of each type of target material.
These 5 or 6 plates were stacked together to make target
stacks. Each target stack was configured so that the total
target thickness, expressed as the areal mass density, was
approximately 50 g/cm’. A schematic of a target stack as
configured for the NSWC experiments is shown in Figure 1.

Interspaced at regular intervals in the target stack were
planar arrays of Lithium Fluoride Thermoluminescent Dosimeters
(TLDs). The TLD arrays consisted of 88 individual dosimeters,
0.lcm in diameter, 0.3cm in length, arranged in concentric
annular patterns with their centers along the beam axis, and

were designed so as to measure the amount of energy deposited




(dose) as a function of radial distance from the beam at
several positions along the length of the target stack.

The target stacks were irradiated by electron beams of 200
and 391 MeV. The results obtained in the work by the NSWC form
the basis of this work and are repdorted in references 1 and 2
for 391 MeV, and in Reference 3 for 200 MeV.

The work by NSWC included a comparison of the 391 MeV
measurements to predictions by two Monte Carlo electron/photon
shower simulation ccdes, EGS3 and ITS/ACCEPT. This comparison
led the res:archers at NSWC to three specific conclusions
(these conclusions pertained only to the 391 MeV data). The
NSWC conclusions are summarized below. [Ref. 1-3]

+ CYLTRAN and EGS3 both predicted values for the dose
distribution that agreed well with measurements except in
the PMMA target configurations with an air gap.

+ Neither ACCEPT nor EGS3 was able to accurately predict the
dose distribution in the PMMA configurations with an air
gap. The codes predicted doses as much as 100% larger than
the measurements.

+ The dose distribution in the PMMA target stacks was
largely dependent on the location of the air gap within
the stack.

In comparison of the results from the present work to
those from the NSWC work, the following conclusions have been
reached.

- CYLTRAN predictions agreed well with the 391 MeV data
taken by NSWC with no exceptions. Even though the dose
distribution in the target configuration with an air gap
varied with the location of the air gap, CYLTRAN was able
to predict the dose.

+ The variation in dose distribution caused by changing the
location of the air gap seems to be a geometry effect.
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This conclusion was drawn from the results obtained by
comparing the dose in a target with an air gap to that
obtained when the air gap was replaced by a void, and
finding that they were identical.

* A comparison of the NSWC 200 MeV data to CYLTRAN
calculations was done. This was a new comparison since the
NSWC work had not compared the data to a transport code at
this energy. CYLTRAN produced results that agree very well
with the data at 200 MeV except for on-axis measurements
in two target configurations (PMMA and Lead followed by

Aluminum). Analysis of these results indicates that the
dosimeters used to take the data may have been saturated.

B. S8OME CONSIDERATIONS IN ELECTRON TRANSPORT MODELING
1. Electron sStep Size

The number of collisions undergone by an electron as
it passes through a target are too numerous, except possibly
at very 1low electron energies, to allow treatment of
individual collisions even by the most powerful computers.
Instead, the electron path through the material is divided
into discreet segments in which a large number of collisions
occur. The smaller pathlengths, or steps, allow the
calculation of energy deposition by the sampling of net
angular deflection and net energy loss using the appropriate
multiple scattering approximation (the Goudsmit-Saunderson
approximation for the ITS CYLTRAN code [Ref. 5)]) and a
"condensed history model" approach [Ref. 6].

Seltzer explains that the step size is chosen by the
code user by weighing a set of conflicting requirements. The

steps should be short enough that (1) most of the steps in the




electron history are completely inside the target so that the
use of multiple-scattering theories for unbounded media are
appropriate, (2) the average energy loss is small so that the
use of one-velocity multiple-scattering distributions is
justified, and (3) the net angular deflection is, on the
average, small so that the spatial displacement for the step
can be approximated closely by a straight line. The steps
should be long enough that (1) there are a sufficient number
of collisions per step to justify the use of multiple-
scattering theories, and (2) the number of steps per history
is not too large. [Ref. 7]

The portion of the ITS code package that generates
cross-section data for the transport code to use in its
calculations 1is called XGEN. The step size is determined
during the execution of XGEN, in the cross-section generation

process, so that it satisfies the relation

1

E;.,=2 FE,. (1)

1 1

The value k=8 is chosen by default in XGEN, the ITS
cross-section generating program, so that in passing through
a given step, an electron will lose 8.3% of its energy ([Ref.
8].

Translation of the percentage decrease in electron
energy to an equivalent physical step length is done by
assuming the electron slows down continuously over the step.

The step size is given as




S,=I(E,) -1y (E,, ), (2)

where r, is the electron range at the initial and final
energies in the step as given by the continuous-slowing-down
approximation.
2. Electron Radiation Length

It 1is convenient, in considering the passage of
electromagnetic radiation through material, to measure the
thickness of the material in terms of the radiation length. In
most processes, some or all of the dependence on the medium is
contained in the radiation length. The radiation length is
defined as that distance I, over which a high energy electron
is slowed to a fraction equal to 1/e of its original energy.
The values of radiation length for electrons for materials of
interest in this work are given in Table I. The table gives
values of radiation length in units of cm and g/cm?, the
latter being the product of the former and the density of the

material.

Table I. RADIATION LENGTHS FOR SELECTED MATERIALS [Ref. 9]
L= - “"'5

Material Rad. Length (cm) Rad. Length (g(cmﬂ
Alunminum 8.9 24.01
Lead 0.56 6.37
PMMA 34.4 40.55
Air 30420 36.66

L _______________________________________________________]
7




3. Thin Film Scattering

The experimental work on which this work is based
involved a target stack configuration with an air gap between
two sections of solid material (Lucite). The possibility was
explored in the present work that the ITS code might better
predict doses in air if the air gap were treated as a thin
film, due to the low density of air, and the long radiation
length of an electron in air. Most electron/photon transport
codes in current use, including the ITS series of codes, are
subject to the constraint that they must be used in situations
where the material depth exceeds the step size calculated for
the electron as it traverses the material. The Goudsmit-
Saunderson theory breaks down in the limit of small material
thicknesses (thin films). Work in this area has produced the
Jordan-Mack correction to the CYLTRAN code to correct the
multiple scattering distribution in the code to give better
agreement with measurements for thin film targets. [Ref.3, pp.
14-16] The effect of the Jordan~-Mack correction, which can be
applied to the CYLTRAN code by the user, was investigated in
this case to determine if the same sort of thin film
phenomenon might be involved in electron transport through an

air gap.

C. OVERVIEW OF ITS
The 1Integrated Tiger Series of computer codes was

developed over the last 20 years at the U.S. Department of




Energy's Sandia National Laboratory for use in the simulation
of electron/photon transport through various materials. ITS is
based primarily on ETRAN (for Electron TRANSport), which was
developed by the National Bureau of Standards [Ref. 7, p.
249]. The codes forming the basis of ITS are TIGER, CYLTRAN,
and ACCEPT. The three codes differ primarily in that (1) they
treat problems in different dimensionalities and (2) they are
designed to handle different problem geometries. The TIGER
code is confined to the analysis of problems in one dimension.
The three-dimensional codes, CYLTRAN and ACCEPT, have been
applied in this work and will be explained in further detail
below.
1. CYLTRAN

CYLTRAN, a fully three-dimensional transport code
employing cylindrical geometry, is a natural choice for
simulating problems involving electron beam sources. A
complete description of the ITS-CYLTRAN code system is
provided in Appendix A.

CYLTRAN enables the code user, relatively easily, to
break a target with cylindrically symmetric geometry into an
arbitrary number of zones and will determine the energy
deposited in each zone by a beam of electrons (as in this
case) or photons. The decision of the fineness of division of
the target into zones must be balanced against the need for

timely results, as the cost for more (or finer) zones is




longer run time in executing the CYLTRAN code. The CYLTRAN
geometry allows the electron beam to be incident on the
cylinder at any arbitrary point and from any direction. The
CYLTRAN code has no ability to present results in a graphical
form. The user must provide the resources to take the output
from CYLTRAN (which by default is manageable, but can be quite
lengthy) and manipulate it either manually or electronically
into a form which can be analyzed graphically or in some other
manner.

In this work, the CYLTRAN code was given an input file
which gave geometry data defining the boundaries of the
desired number of target zones. The ensuing code calculations
produced a formatted output file containing the energy
deposition distributions and other code results. This output
file was read by an interactive program written in the
Interactive Data Language (IDL), which manipulated the
appropriate geometry data and energy deposition distributions
into plottable formats for analysis.

2. ACCEPT

ACCEPT is a fully three-dimensional electron/photon
transport code which is applicable to problems of any geometry
using a combinatorial geometry scheme. While the combinatorial
geometry system makes ACCEPT more complex to use, its basic

computational algorithms are identical to those in CYLTRAN and

10




the two should give identical results, as long as the problem

geometry allows the use of either code.
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II. SIMULATION PROCEDURE

A. GENERAL PROCEDURAL APPROACH

As mentioned previously, references 1 through 3 reported
the results of measurements taken by NSWC, and also reported
the results of the comparison of measurements at 391 MeV beam
energy with dosages predicted by two different Monte Carlo
electron-photon transport simulation codes, EGS3 and ACCEPT.
The measurements taken by NSWC, reported in reference 3, were
not compared to any computer code calculations.

The NSWC results reported in references 1 through 3 were
modeled in this work using the CYLTRAN member of the ITS code
package. The CYLTRAN code was run on a DEC VAXStation 3200
minicomputer using VAX Fortran. The results of the CYLTRAN
runs were read and plotted by a program written for this work
using the Interactive Data Language (IDL), a commercially
available graphics package marketed by Research Systems,
Incorporated. A user's guide and the source code for the IDL
program written for the manipulation and plotting of the
calculations done in this work are attached as Appendix B.

Although the target stacks used in the NSWC experiment
were actually rectangular, or box-shaped, the homogeneous
nature of the target stack materials and the use of a normally

incident, monoenergetic electron beam suggested that the
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targets be modeled as a right circular cylinder with the
electron beam (which is tzken to be a "point" beam) traveling
along the cylinder's longitudinal axis and incident on the
face of the cylinder. This geometry allowed the natural use
of the CYLTRAN member of the ITS code with its simpler input
stream. Figure 2 is a schematic of the target model in the
case of the NSWC target consisting of PMMA sandwiching an air
gap located downstream of the fi-st 10 g/cm? of target
material.

The first runs of the CYLTRAN code were intended to
determine whether CYLTRAN in fact produced the same results,
within statistical expectations, as those obtained at NSWC
using ACCEPT. The cnief concern in these runs was the
prediction of the dose in the TLDs interleaved between each
target 'slab' along the length of the target, as opposed to
later simulation runs, which would divide the target stack
into many more zones, attempting to resolve in greater deta:l
what was happening to the electron energies as the particles
progress through the target. For reasons of distinguishing
between the degree of fineness of the zones, these first
target geometries were called "low resolution targets" and the
corresponding CYLTRAN runs were called "low resolution” runs.

After the initial low resolution CYLTRAN runs had been
completed, a series of runs was done to determine how the dose
in the air gap and the layers of PMMA surrounding it responded

to changes in various model characteristics. The
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Figure 2. Low Resoluti»n Target With a 39cm Air Gap Downstream
of One PMMA Targcc Section. This target is called a 1low
resolution target because t:e target material itself is not
resolved into zones in which the dose is evaluated.

characteri .cs which were varied for comparison were the
numbe> of CYLTRAN input zones, the number of primary electron
histories to be followed by CYLTRAN, the scattering angle
app: vximation used in the code, and the location of the air
gap.

CYLTRAN allows the user to determine the number and
location of spatial zones to be monitored within the target
cylinder. The user simply places into the input data file
geometry data specifying the location of zone boundaries (in

the terminology used by the ITS system, each zone is called an
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"input zone"). One can treat the entire target cylinder as a
single input zone or divide the target cylinder into hundreds
of finely divided input zones and track the dose deposited in
each zones, if so desired. In this series of runs, the CYLTRAN
model cylinder and 1its target sections were divided into
small, highly resolved "input zones". Each section of target
material was divided longitudinally into 10 slices of equal
thickness, and the 39cm air gap was divided into 13 slices,
each having a thickness of 3cm. Each slice in all materials
was itself divided into 12 radial zones to identically match
the radial 1locations of the LiF TLD's used in the NSWC
experiments. The resultant large number of input zones (828 in
the case of PMMA sandwiching a 39cm air gap, 660 for all other
configurations considered here) allowed CYLTRAN to track the
energy deposition at a much finer scale, and a "high
resolution"” view was obtained of the energy dose in the target
as a function of radius and depth. Figures 3 and 4 compare the
zoning of the low resolution and high resolution cases.

The high resolution zoning approach to the CYLTRAN model
was applied to all targets of concern in the NSWC experiment
in order to better assess the performance of CYLTRAN in
predicting the measured dose.

Some CYLTRAN runs were done to test the plausibility of
the idea that the air gap could be treated as a thin film. The
Jordan-Mack thin film scattering correction to the ITS codes

was applied to CYLTRAN. Runs were conducted on one of the
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targets of concern. The results of this run were compared to
the results for the same target obtained from CYLTRAN without
the correction applied to assess the correction's effect, if
any, on the dose distribution in the air gap.

It was of some interest in this work to evaluate the
statistical uncertainty involved in the CYLTRAN calculations,
and to get some idea of how this uncertainty changed with the
choice of input parameters. Of particular interest was the
question of how the CYLTRAN-calculated dose in the target
varies with a change in the number of primary electrons. To
this end, it was necessary to consider how many electrons
would be sufficient to statistically represent the real
experiment. In the NSWC experiments, the targets were exposed
for 10 to 20 seconds to a 0.1uA current. This translates to a
total of from 1.6x10" to 3.2x10" electrons. Diagnostic
CYLTRAN runs on the Digital VaxStation 3200 used in this work
indicated that, with a baseline run time of about 2 hours for
10,000 primary electrons, increasing the number of primary
electrons 10 fold to 100,000 would require a run time of about
24 hours, or a factor of 10 increase in computer run time.
Changing the number of primary electrons from 10,000 to
100,000 causes a decrease in uncertainty from 20-50% in the
former case to 10-20% in the latter (for all materials in this
work except air). Due to relatively low value of uncertainty
for 100,000 electrons, and to the fact that any further gains

in the level of certainty would cost dearly in computer run
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time, a CYLTRAN run with 100,000 electrons was decided to be
sufficiently representative of the real beam. The CYLTRAN runs
for the high resolution target were repeated using 100,000
electron histories and the impact of the gain in statistical

certainty was assessed.

B. NEW ANALYSIS FOR 200 MEV ELECTRONS

Reference 3 listed the measurements obtained in
experiments using 200 MeV electron beams. Data was reported by
NSWC on the three target stacks consisting of only Aluminum,
Lead followed by Aluminum, and PMMA. Computer simulations had
not been done previously against this data. As part of this
work, CYLTRAN runs were performed to see how well CYLTRAN

would predict the dose distribution at this energy.
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IIXI. RESULTS AND DISCUSSIONS8 OF PREVIOUSLY ANALYZED DATA AT
391 MEV
A. RESULTS WITH CYLTRAN CORRECTED FOR THIN FILM SCATTERING
The Jordan-Mack correction for use in correcting the ITS
code to accurately predict energy deposition in thin films,
when applied to CYLTRAN in this work, has no effect on the
dose distribution in any of the target configurations
considered. This is an indication that, if the codes are
inherently unable to treat an air gap at high energies, that
inability is not related to any inability to handle thin film

scattering phenomena.

B. GENERAL COMPARISON OF CYLTRAN TO ACCEPT AND NSWC DATA
Reference 1 reported dose distributions in the target
stack as predicted by ACCEPT. ACCEPT calculations were
reported for dose in the LiF dosimeters at 6 longitudinal
points along the stack in the case of the 2 targets with PMMA
sandwiching an air gap, and for 5 points along the stack in
the cases of the other targets (PMMA, aluminum, and lead
followed by aluminum). Figures 5 through 9 show the results of
predictions calculated using CYLTRAN (it is important to note
that figures 5 through 9 show points calculated at a few
discreet points along the length of the cylinder corresponding

to the longitudinal depths at which the NSWC data were taken.
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Lines drawn between the points are shown only to help
distinguish between sets of calculations/data). These
calculations were done using the "low resolution" model
detailed in Chapter II so that a fair comparison could be done
between the two sets of calculations. Generally, agreement
between the NSWC data and CYLTRAN calculations is good to very
good. Discrepancies between the code and experiment seems to
be greatest at a radius of 5 cm. In view of a statistical
uncertainty at this radius of 20 - 40 percent, however, the
discrepancy may not be significant. ITS calculations, in all
target materials, agree very well for radii in the range from
the axis to about 2 cm.

CYLTRAN scores a dose by whether it was deposited by a
primary, knock-on, or gamma-secondary electron. Analysis of
the CYLTRAN calculations shows that dose on axis is due almost
totally to primary electrons. At a radius of 20 cm, the dose
is due mostly to gamma-secondary electrons. The doses in
between are due to various combinations of primary and gamma-
secondary electrons. Knock-on electrons have only a minor
contribution in all cases.

ACCEPT and CYLTRAN give results that vary by little in
most cases. However, in some cases, especially as the radius
approaches 20cm, the two codes seem to give widely varying
answers. It has been noted previously that ACCEPT and CYLTRAN
have the same transport physics as their basis, so their is no

reason to believe the two codes should produce widely varying
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Figure 5. Low Resolution 391 MeV CYLTRAN Dose Distribution in
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10,000 primary electrons. Note close agreement of CYLTRAN and
data. Compare with Figure 10.
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10,000 primary electrons.
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results. However, when consideration is given to the fact
that, at 20cm radius the uncertainty in the calculations can
be as high as 50%, the variation between the results is not
that surprising. That is, ACCEPT and CYLTRAN seem to be within

the statistical uncertainty of each other.

C. EFFECT OF AIR GAP LOCATION ON TARGET DOSE DISTRIBUTION
If an air gap is inserted in the target stack, there is a
marked variation in the dose distribution. Th. dose in the
portion of the target material on or close to the beam axis
doesn't change significantly. However, as one looks at the
results at distances away from the axis, the dose in any
particular section of target material is significantly
affected by whether or not it is preceded in the longitudinal
direction by an air gap. As the air gap is moved to a
different depth in the target stack, the dose in the material
preceding the air gap is reduced. However, the section of
target material immediately following the air gap receives a
higher dose than that which would have heen received if the
air gap were not there. Both of these effects are increasingly
pronounced as radius from the beam axis increases. A
comparison of Figures 5, 6, and 7 illustrates this point.
CYLTRAN calculations agree very well with data 1in
reference 1. That is, the changes in dose due to insertion of
an air gap seem to be faithfully predicted within statistical

uncertainty, which will be discussed later. Incidentally, in

26




those cases where there are noticeable discrepancies between
CYLTRAN and data, the CYLTRAN dose distribution rcnows a
tendenc’ to overpredict. The only case in which the agreement
between CYLTRAN and the data may be questionable is shown in
Figure 5 at 5cm radius and, most remarkably, at 20cm radius.
In this regard, it is well to note the large statistical
uncertainty inherent in the CYLTRAN Monte Carlo algorithm,
which runs from 25-50 percent at 20cm radius for 10,00C
primary electrons in the target of Figure 5, as will be
discussed later. In light of this uncertainty, the apparer :
uisagreement in Figure 5 between CYLTRAN and data may not be
significant.

The low resolution CYLTRAN calculations shown in figures
5 thro:gh 9 show only the doses in the dosimeter arrays
located between the target sections and before and after the
air gap. A high resolution CYLTRAN run, in which target
sections are divided in much finer zones, sheds a great deal
of light on how the dose distribution behaves in the target
material itself. Figure 10 illustrates the high resolution
dose distribution in the case of PMMA with the air gap located
downstream of the first target section. Figure 11 shows the
dose distribution for PMMA with the air gap downs-ream of the
fourth target section. Figures 12, 13, and 14 show dose
distributions for targets of solid PMMA, Aluminum, and Lead

followed by Aluminum, respectively.
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A comparison of Figure 10 with Figure 5 shows that the
overall disagreement between the NSWC data and these CYLTRAN
calculations is reduced by dividing the problem target
geometry into smaller zones. The high resolution calculations
verify the continuous nature of the dose distribution. Except
for statistical fluctuations of the dose about a mean value,
the dose is in fact smoothly distributed in the cylinder, even
across the air gap. The most well-defined results are given on
axis. This is what would be expected, as there the beam is
most intense and the probability of an electron colliding with
an "air molecule" would be the highest. In other words, the
statistics are better on axis and get increasingly worse with
increasing radius. This would explain the absence of plottable
points at 5cm and 20cm radius in the air gap in Figure 10. At
radii greater than about Scm in the air gap with 10000 primary
electrons the probability of a collision is extremely 1low.
Thus, the dose in the air gap will be calculated by CYLTRAN to

be zero in most cases. This is born out in Figure 10.

D. NUMBER OF PRIMARY ELECTRON HISTORIES

Since the Monte Carlo calculations which are the basis of
the CYLTRAN code is statistical in nature, one might expect
that increasing the number of primary electrons would cause a
decrease 1in the statistical uncertainty of the CYLTRAN
calculations. Results obtained in this work would indicate

that this is so. A plot of dose per incident electron for the

28




target of Figure 10 using 100,000 incident electrons is shown
as Figure 15. The better definition of the dose distribution
at large radii in the air gap is a certain indication that
statistics have improved significantly. Comparison of figures
10 and 15 reveals that, in the target material, the value of
the dose calculated by CYLTRAN doesn't depend on the number or
primary electron histories followed. The statistical benefit
in raising the number of histories is shown in the comparison
of Figures 16 and 17. A factor of 10 increase in the r.'mber of
primary electrons produces a decrease in uncertainty of at
least 50% at all radii. The most significant benefit derived
by using more electrons is gained in the air gap and at large

radii, where the collision probability is smallest.

E. DOSE BREAKDOWN BY ELECTRON TYPE

The dose deposited in a target zone by an electron can be
classified by the type of electron that deposited the dose.
The electron type is identified as either primary, gamma-
secondary, or knock-on. A primary electron is an electron that
was in the original electron beam incident on the target. A
knock-on electron is one that has been knocked free of an atom
through some collisional process. A gamma-secondary electron
is an electron that has been emitted from an atom through any
process involving a photon. An important part of this
classification is that once a photon has knocked an electron

from an atom, that electron is a gamma-secondary electron as
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well as all electrons on down the chain that the secondary
electron might start. Figure 18 illustrates the classification
of these dose deposition mechanisms.

The CYLTRAN output provides detailed analysis of whether
the dose in any particular target zone comes from a primary,
gamma-secondary, or knock-on electron. Figures 19 through 23
show the dose per incident primary electron at various radii
on the target of Figure 10 with 100,000 primary electrons.
Figures 19 and 20 show that, on axis, the dose is almost
totally due to loss of energy by primary electrons. The
negative dose contributed by the knock-on electrons simply
says that a small portion of the energy deposited by the
primaries is carried out of the zone by knock-ons created in
the zone. Note that by the time the primary electrons traverse
the first PMMA target section and enter the air gap, the on-
axis dose is reduced to 25% of its original value. Once the
electrons are one third of the way through the air gap, the
on-axis dose due to primary electrons has been reduced to
about 5% of its original value. Figure 20 shows that, although
the dose on-axis through the end of the air gap is mostly from
primaries, immediately downstream of the air gap the dose
becomes dominated by gamma-secondary electrons. The small
energy contribution from knock-ons does not play a significant
role on-axis except in the first target section. We see from
the off-axis CYLTRAN calculations in Figures 21 and 22 that,

while there is very little dose away from the axis in the
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Figure 18. Classification of Dose Deposition by Type of
Electron Depositing the Dose.

first target section, as the beam progresses down the cylinder
the contribution from the primaries is increasingly overtaken
by that from gamma-secondaries farther away from the beam
axis. Finally, as shown in Figure 23, the dose at a radius of
20cm is almost totally due to gamma-secondary electrons. In

fact, there is very little energy deposited in the cylinder at
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Figure 19. Dose Breakdown by Electron Type on Beam Axis for

Target of Figure 10 with 100,000 Electrons, 391 MeV. Most of
the dose is due to primary electrons in the first 15cm depth.
The next figure expands the region beyond 20cm depth.
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Figure 20. Dose Breakdown on Beam Axis (Expanded View Beyond
20cm Depth) for 100,000 Electrons at 391 MeV. Photon processes
cause rapid increase in gamma-secondaries at air gap boundary,
so beyond 48cm dose is mostly from low energy g-secondaries.
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Figure 21. Dose Breakdown by Electron Type at 2cm Radius for
Target of Figure 10 with 100,000 Electrons, 391 MeV. Dose at
this radius is mostly from primaries and is highest at mid-
depth after electrons have scattered to that radius.
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Figure 22. Dose Breakdown by Electron Type at 5cm Radius for
Target of Figure 10 with 100,000 Electrons, 391 MeV.
Statistics in the air gap begin to decrease because few
electrons reach that radius inside the gap.
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Figure 23. Dose Breakdown by Electron Type at 20cm Radius for
Target of Figure 10 with 100,000 Electrons, 391 MeV. Dose from
knock-ons overshadows others in the air gap. Uncertainty in
the air gap is very high due to the few collisions occurring.
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20cm until the air gap is passed, at which point the dose due
to secondary and knock-on electrons rises dramatically, the
knock-on dose falling slowly back to a very low level and the
secondary dose falling and becoming a constant at a level
slightly higher than the knock-on dose. This dose breakdown
leads to the conclusion that the rise one sees in the dose
after the air gap as indicated in Figure 10 is formed by an
increase contribution from gamma-secondary electrons somehow
built up in the beam's passage through the air gap.
Calculations identical to those above for the case of
10,000 electrons have been done, the results of which are

attached in Appendix C as Figures Cl1 through C4.

F. EFFECT OF REPLACING THE AIR GAP BY A VOID

Some 1insight into the nature of the calculated dose
distribution in the air gap was gained by substituting a void
for the 39cm air gap. The result of doing this 1is shown as
Figure 24. The dose in the void is, of course, =zero. But,
perhaps more significantly, there is no appreciable change in
the dose distribution in the target material in this case from
that reflected in Figure 10, the identical target with an air
gap. These results would tend to suggest that the increased
dose in the target material downstream of the air gap is not
an artifact of the air itself, but rather one of the target

geometry.
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Figure 24. CYLTRAN Dose Distribution for Target of Figure 10
with a 39cm Void Replacing the Air Gap. This figure and figure
10 are very similar, showing that dose distribution dependence
on air gap location is a geometry effect.
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G. AIR GAP STEP SIZE EFFECTS

Work done by Bielajew and Rogers on calculations of the
dose distributions in air due to high energy electrons has
shown that if the default Monte Carlo step size is used, one
could expect the dose to be overpredicted [Ref. 10]. In this
work, it has not been possible to investigate the effect of
changing the step size, as CYLTRAN does not have the
capability of accomplishing this for only one material in a
multi-material target. However, at an energy of 391 MeV, the
step size required to obtain the optimum results, according to
Biejalew and Rogers, would be about one target diameter, or
20cm. This step size would require the value of k in equation

1 to be equal to about 19,400.

H. RANDOM NUMBER EFFECTS

The dose in the material has a large dependence on the
value of the initial random number seed used to start the ITS
calculation. Obvious though this observation may be for a
Monte Carlo-based algorithm, it is well to keep in mind that
any result achieved using the code is subject to a calculable
uncertainty. Figures C5 through C7 in Appendix C are given as
examples of the effect of changing the random number seeds.
When compared to their counterparts, they reflect noticeable
variations. However, the variations are verifiably within that

statistical uncertainty which is given by CYLTRAN along with
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the dose values. The uncertainty in a dose in solid materials

in this work typically runs about 20-50%.
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IV. RESULTS FOR PREVIOUSLY UNANALYZED 200 MEV DATA

CYLTRAN calculations were done to check the wvalidity of
predictions at 200 MeV. Calculations were compared to
measurements made at Bates and reported in Reference 1.
Figures 25, 26, and 27 1illustrate the results of the
comparison for Aluminum, PMMA, and Lead followed by Aluminum
targets, respectively.

The results of CYLTRAN runs compare very well with the
measurements in all three targets, as was expected from the
previous results (discussed in Chapter III) for the 391 MeV
data. The sole notable deviation of CYLTRAN from the data is
in the latter depths of the Pb/Al and PMMA targets. In both of
these cases, the CYLTRAN calculations on the beam axis begin
to provide results lower than the data in the third target
section. The deviation on axis increases continuously through
the end of the problem cylinder. Comparison of figures 25, 26,
and 27 to figures 12, 13, and 14 in chapter III (which are the
corresponding problems at 391 MeV), shows that general trends
in the CYLTRAN calculations for the 391 MeV case have been
repeated in the 200 MeV case, as one might expect. Also,
examination of the NSWC data as shown in figures 25 and 27
(particularly for Pb/Al and PMMA targets) shows that the on-
axis dose data begins to plateau after about two target

sections depth. This seems suspect since, in all cases looked
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at in this work, after a dose peak in the first few
centimeters of target material, dose generally decreases
continuously. Along with those facts, it is noteworthy that
the CYLTRAN calculations have produced very good agreement in
every other case examined in this work. There is no reason to
expect such a significant difference in the results for the
two energies, since the target configurations involved are
identical. All this would tend to suggest that the TLD's used
in the NSWC measurements for the target configurations of PMMA
and Lead followed by Aluminum, on axis at least, had become

saturated and did not provide accurate data.

50




»
0
= c = - &
o T 6 T TE Y T o7 T T 8
E' © %] (@) b
=t o (= o o 4
D‘_‘r o — ] N E
- 1] 1] il i
of al a) i
oOr 4
Qor 4
O: 4
- Je
It ]
[/>)\- <
ol O ]
o 4
— -
<y~ e b —
CF B8 1 &
or = E o
-—1 4 O~
o[ zZ TH
O g Q
~—F b c
Ot = A =]
O o o = A @
L © O 4 o
wi Qo ] e
Ot o ) O
I 28 1 £
°
St 2T 103
3L a 1 N
C
b 4
5! . i
={ |
al J
e ]
2L Jo
ofr o o ]
=
or J
or 4
[Suy 4
o b
>t p
(P38 4
S T B DR S IR
(@ N o o~ <+ 0 o0
oo [ ) I I I
N - Qo o Q o

(1533 1 6%/ AN ) 2500

Figure 25. High Res. CYLTRAN Dose Dist. for 200 MeV Electrons
in PMMA Target. CYLTRAN agrees well with data except on beam
axis and large depth. Linearity of NSWC data past 25cm depth
suggests saturation of TLD's on axis. Compare with figure 12.
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Figqure 26. High Resolution CYLTRAN Dose Distribution for 200
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CYLTRAN agrees well with data for this case. Compare to figure
13 at 391 MeV.
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Figure 27. High Res. CYLTRAN Dose Distribution for 10,000 200
MeV Electrons in Target of Lead followed by Aluminum. CYLTRAN
agrees with data except on axis at large depth. Again, TLD
saturation is suggested. Compare to figure 14.
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V. CONCILUSIONS

In general the results obtained at Bates, as detailed in
Reference 1, have been verified. A comparison of the Bates
data to the calculations done here using CYLTRAN yields the

following conclusions.

+ The dose in any particular section of taryet material is
significantly affected by whether or not it is preceded in
the longitudinal direction by an air gap. However, this
dependence is not a product of the air itself. Rather, it
is an effect of the change in geometry produced when the
air gap is inserted. We come to this conclusion by
replacing the air gap by a void and getting identical
results. A small angular deflection gives a small lateral
displacement at short range, but gives a much larger
lateral displacement at longer ranges. See Chapter III,
Section C.

+ Uncertainty in dose calculations in the air gap is very
large due to the small number of collisions undergone by
an electron as it traverses the air gap. The uncertainty
is as much as 99% in some cases. This is not affected by
changing the number of input zones (dividing the air more
finely). However, it 1is decreased significantly by
increasing the number of primary electrcns used in the
simulation. See Chapter III, Section D.

« In the PMMA/Air/PMMA target stack, the dose on axis is due
almost totally to primary electrons. At a radius of 20 cm,
the dose is due mostly to gamma-secondary electrons. The
doses 1in between are due to various combinations of
primary and gamma-secondary electrons. Knock-on electrons
have only a minor contribution in all cases. See Chapter
I1I, Section E.

e In constructing a model, the numerical results are not
affected by the degree of fineness with which the target
is divided into input zones. However, the added sense of
continuity in the data provided when the problem geometry
is more finely divided are tremendously beneficial. See
Chapter III, Section C.
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*+ Correcting the ITS code to treat the air gap as a thin
film seems to have no affect on the dose distribution. See
Chapter III, Section A.

« The final value of dose in the material depends greatly on
the value of the initial random number seed used to start
the ITS calculation. That is, any one ITS calculation is
not absolute in its correctness. The value given for the
energy deposited in a particular zone in this work could
vary from 20-50%. However, the results obtained using
different random seeds are statistically consistent, given
that the statistical uncertairnty in the calculations is
also 20-50%. See Chapter III, Section H.

+ CYLTRAN agrees well with data for all of the targets
considered in this work. This 1is true for electron
energies at beth 200 MeV and 391 MeV. The 391 MeV data has
been analyzed before by NSWC using ACCEPT. Our analysis
shows the failure of the previous ACCEPT comparison to the
data is probably due to lack of resolution and a small
number of electron histories.

«+ The analysis of the 200 MeV data has not been done
previously. This work shows that CYLTRAN is able to
accurately calculate the measured dose. Beyond a radiation
length, the dose on axis begins to deviate from the data.
The trends in the data compared to the calculations
suggest that the TLD's used in taking the 200 MeV
measurements were saturated.
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APPENDIX A. USING ITS8 ON THE DEC VAXStation 3200 COMPUTER

In this work, ITS was installed and executed on a
dedicated DEC VAXStation 3200 computer. The work has not been
completed without a significant amount of time spent in self-
education in the DEC terminology and the use of the VAX VMS
operating system used by the computer itself, and in learning
the subtleties of properly using the ITS computer code. In the
hope of saving future ITS code users some time at the front of
the "learning curve", this appendix will attempt to explain
rudimentary details of how to (1) turn on (boot) the computer,
log on to a user account and to begin to work, and (2) how to
execute a CYLTRAN run using the ITS system as currently

installed on the VAXStation 3200.

A. BOOTING AND USING THE VAXSTATION 3200
1. Turning the Computer On

Turn on the Constant Voltage Conditioner with the red
power switch. It will make an annoying constant humming noise,
which is nothing to be alarmed about.

Turn on the computer by pressing the switch on the
right of the little VAXStation 3200 logo on the front panel of
the computer cabinet. The switch will glow orange after being

pressed.
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The system will go through diagnostics and booting
procedures for a few minutes. The entire booting procedure
should be complete in less than five minutes.

After the computer has completed booting, the monitor
screen should show the DECWindows 1login screen with
distinctive huge blocked letters spelling out DIGITAL and a
small window below containing spaces to type in the username
and password. At this time users are able to log on to the
system, if a user account has been set up by accessing the
computer's System Manager account. If a user account has not
been previously established, it is recommended that it be done
immediately by accessing the System Manager account as
explained in Section 2 below and by following instructions in
the computer's system management manual (a set of several
volumes, usually Xkept on shelves next to the computer
station). It is a dangerous habit (speaking from personal
experience) to use the System Manager account for routine user
tasks.

2. Logging on to the Computer

After the computer has completed the booting process,
you are ready to log on to the computer and begin work. First,
press any button. If it wasn't awake already, the monitor will
"wake up" and display the DECWindows login screen (described
in Section 1). Select USER by clicking the left mouse button

on the space for the username and type your username. Then
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select PASSWORD and type your password. Then press the ENTER
key. The computer will begin to log in to your account and
will put the DECWindows user screen on the monitor. This
process takes a couple of minutes. After you log in, you can
enter commands to the computer by using the pull-down menus
(not a very fast way to do it) or by clicking on the DECterm
window (which activates the window so you can enter a command)
and type commands directly (much better).

If you wish to log in to SYSTEM (the System Manager
account), type the username SYSTEM and the password ESMERALDA.
You must log on to SYSTEM to establish any necessary user
accounts. There will be times, since this is a machine
essentially dedicated to one user, that the user will have to
log on as SYSTEM to accomplish some task that can only be done
by the System Manager, such as device allocation and memory
management. After you log on to SYSTEM and the work screen
appears on the monitor, click on the DECterm window to enter
commands at the "$" prompt.

To log out, select SESSION on the Session Manager
Window Menu Bar and click on QUIT. You will be asked to
confirm that you want to quit and, if so, you will be logged
out.

3. Turning the Computer Off
Log in to SYSTEM as described above. Click on the

DECterminal window and type SHUTDOWN.
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When the system goes completely through the shutdown
sequence, which takes a minute or two, the message SYSTEM
SHUTDOWN COMPLETE--USE CONSOLE TO HALT SYSTEM appears on the
monitor. Shut off the computer with the orange switch and then
turn off the Constant Voltage Conditioner with the red power
switch.

4. Miscellaneous Comments on Operation of the Computer

Users accomplish tasks on the computer through the
entering of user commands. Commands are entered to the
VAXStation in a DEC language called DCL (Digital Command
Language). Rather than try to explain a lot of commands here,
it's best that you review the VAXStation User Manual volume
titled "DCL Dictionary" to get a feel for the commands and
what they can do. A few commands that apply directly to the
use of ITS and IDL (Interactive Data Language) will be
mentioned in this appendix and in Appendix B.

The VAXStation is currently connected to an ethernet
accessing several computers in the Naval Postgraduate School
Physics Department and other campus facilities, including the
Physics Simulation Lab and the W.R. Church Computer Center.
Access to this network is through a smaller network (the
DECnet) of DEC VAXes (there are currently 4 VAXes on the
DECnet) belonging to the Physics Department. To access another
node on the network, the DCL command is

SET HOST nodename
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You must know the nodename and it must be defined in
the local database. If you have the right nodename the other
computer will prompt you for a username and password.

There are two user-interface systems available on the
VAXStation: DECWindows and VWS (VAX Window System). Currently
the default on this machine is set to DECWindows due to the
user friendliness of the interface. The VWS is a more
barebones window system that runs faster but doesn't make
things especially easy for the inexperienced user. The window
system can be changed by making changes in the SYSTEM account
file SYSTARTUP V5.COM and going through a reboot procedure.
Read the manual on the topic or seek help from a more
experienced user.

Remember to do complete system backups on a regular
basis. To backup the entire system:

+ Set the Break Enable/Disable switch to Enable (in back of
the computer above the LED number display). Point the
switch toward the circle with a dot inside it.

+ Shutdown the system.

+ When you get the message SYSTEM SHUTDOWN COMPLETE--USE
CONSOLE TO HALT SYSTEM appears on the monitor press the
halt button on front of the computer twice. You should get
the >>> prompt.

+ Type the command: b/e0000000 (that's seven zeros).

+ Write protect the hard disk by pressing the button on
front of the computer.

+ Perform the backup with the command (all on one line):

"BACKUP/IMAGE/VERIFY/BUFFER_COUNT=5 (space)
DUAO:MUAO:name.BCK/REWIND/LABEL=date
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« Load a blank TK70 cartridge in the tape drive when
prompted. When the backup is finished, unload the tape,
write enable the hard disk and restart the computer.

B. IT8 OVERVIEW

The Integrated Tiger Series of Electron/Photon transport
codes (ITS) is the most widely used particle transport code in
the world. The code package was developed to incorporate eight
individual codes which were developed over the period from
1968 to 1981. All the codes are based on the original ETRAN
model developed by M. Berger and S. Seltzer. The ITS code
system consists of four primary code packages, which are
listed in Table Al.

Table Al. FOUR PRIMARY ITS CODE PACKAGES.
PSS PR S ]

XDATA: The electron and photon cross section file.
XGEN: The cross section generation program.
ITS: The Monte Carlo program file.
UPEML: A machine portable update emulator.

The heart of the ITS is the program library file ITS,
which contains the eight Monte Carlo programs plus system
directives for the CRAY, IBM, VAX, and CDC operating systems.
The update emulator program UPEML creates the various Monte
Carlo codes for a given system with any corrections to those
codes that may be desired. The output fortran source code from
UPEML is then compiled, linked, and stored as an executable

module. Program XGEN generates the problem specific cross
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section data tape using file XDATA for referenced inputs and
a user defined input file. The Monte Carlo codes then read in
the cross section tape and process the user defined problem.
One of the eight ITS codes is CYLTRAN, which simulates the
transport of particle trajectories through a three-dimensional
multimaterial right circular cylinder. For this project only
the CYLTRAN code was used. As an ITS user the following steps
were required to execute an ITS run.
1. Create the specific ITS code CYLTRAN with the required
correction schemes.
2. Generate a cross section tape based on the different type
of materials contained in the cylindrical geometry of a

problem.

3. Create an input file which lists all the input parameters
required to calculate desired outputs.

4. Submit the input file and the generated cross section
tape to the ITS Monte Carlo codes to execute a run.
Table A2 is a sample input file to generate the cross
section tape for the materials in a cylindrical geometry. Each
material line represents a different medium in the cylinder.
Percentages of each material in a compound and its density
must be specified. Single element lines such as Cu, has its
density stored in ITS and is automatically used for the
simulation when needed.
Once a cross section tape is generated, an input file with
the parameters designed for a particular simulation must be

created. Section D below contains a sample input file to
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Table A2. SAMPLE INPUT FILE TO CREATE A CROSS SECTION TAPE
e

Energy 16.0
Material Au
TITLE
391 MeV Cross Section for Au Foil

execute a CYLTRAN run for one of the problems in this

work.[Ref. 3, pp. 39-40]

C. RUNNING ITS8 ON THE VAXSTATION 3200

The VAXStation 3200 is currently set up to run ITS in
either a batch mode or interactively. In the batch mode, the
user can submit the code run to the computer as a job separate
from any user interactive processes. This way, the user can
continue to use the computer interactively while the ITS run
is being processed in the background by the computer. In the
interactive mode, the user cannot use the computer terminal
while the run is in progress. The batch mode is by far the
most efficient method to use when submitting ITS runs.

Before any ITS code may be run on the computer, an
executable version of the code must be generated. Assume that
you have generated, using the UPEML processor provided with
the ITS package, an ITS specific fully compilable file with
the name [.ITS]CYLO.FOR which you wish to run on the computer.
Generate the executable file by following this procedure:

* Enter the command FOR [.ITS]CYLO.FOR. The computer's VAX

Fortran compiler will compile the fortran file and save an
object file in your default directory named CYLO.OBJ.
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* Enter the command LINK CYLO.0OBJ. The computer will link
the program properly and will produce an executable file
named CYLO.EXE and save it in your default directory.

+ The executable file can then be executed under one of the
procedures below.

The process to be followed in submitting an ITS run is
given below. The example given is typical of a run done in
this work. As ITS is currently configured on the VAXStation
3200, the process must be followed as given. In the example,
it is assumed that a specific ITS code file, a cross section
file, and a problem input file have been generated.

1. Batch Mode Submission of an ITS8 Run

Before an ITS job can be submitted in batch mode, two
separate data files must be constructed using the VAX text
editor. The first file contains 1) a command telling the
computer where to look for input required in processing the
batch job, and 2) a command telling the computer to run the
executable file containing the ITS code. An example of the
first file is the file BATCH.COM, which contains the following
two lines.

DEFINE/USER_MODE SYS$INPUT '[YAW]BATCH_ IN.DAT'
RUN [.ITS]CYLO_BATCH.EXE
The second data file contains the name of the XGEN-

generated cross section file and the name of the file
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containing the problem input parameters and geometry input. An
example of the second data file for this work is the file
BATCH_IN.DAT, which could contain the following two 1lines.
[YAW.PMMA]JCYL10_39_40.INP
[YAW.ITS2]XTAPE.OUT

Once the two required files have been created, the
batch job may be submitted. Submit the job by entering the DCL
command

SUBMIT/NOTIFY/NOPRINTER BATCH.COM

where the filename BATCH.COM 1is the name of the file
containing the name of the executable ITS file. The terms
NOTIFY and NOPRINTER are keywords telling the computer to
notify you when the batch is completed and to send the job log
to a file in your login directory, but not to the print queue.
See the DCL Dictionary for other keywords to use with the
SUBMIT commandg.

After submitting the batch job, you may return to
interactive use of the computer while the computer processes
the job in the background. The nice thing about the batch
process is that you may queue as many runs as you want and let
the machine run overnight or over a weekend. However, before
doing this, it's a smart idea to set the batch queue job limit
to 1 by logging in to SYSTEM and entering the command

SET QUEUE/JOB_LIMIT=1 SYS$BATCH
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Be sure to log out of SYSTEM and back in to your user account
before submitting a job. If the job limit were higher than 1
(say 3, for instance) the computer would try to run all 3 jobs
at the same time, and the run time for all 3 jobs would be
significantly increased. Also, the computer's capabilities for
running that many jobs at once are really limited, and it
could bomb out altogether. With a job limit of 1, the jobs run
one at a time, with an unlimited number of jobs held in the
queue pending execution.
2. Running ITS Interactively on the VAXStation 3200

The interactive mode is the most user-friendly way to
run ITS on the VAXStation 3200. To execute the ITS run, enter
the command RUN followed by the filename of the ITS executable
code you wish to run. A command to execute a run in this work
would look like this:

RUN [.ITS]CYLO.EXE
where the file [.ITS]CYLO.EXE is an executable ITS problem
specific code generated for this work.

The computer will then begin executing the code and
interactive use of the computer will no longer be available.
After the computer has begun execution of the code, the user
will be prompted interactively for the names of the files
containing the cross section input data and the problem input
data. The user will enter the filenames at the keyboard and

the computer will continue executing the program. Execution of
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the program will be complete (usually after between 1 and 1.5
hours) when the message FORTRAN COMPLETE is shown on the

screen and the "$" prompt returns.

D. SAMPLE CYLTRAN INPUT FILE

The input file to execute an ITS run consists primarily of
order-independent keywords followed by keyword-specific
parameter values. The following sample input file for a
CYLTRAN run illustrates the use of the keywords and
parameters.

ECHD O
NO DUMP
TITLE
891 MeV Electrons - 10.0 PMMA, 38cm Air, 40.0 PMMA, 8 LF Arrays
ti'.t.OQQ...'Qt'.ttEm.-.'0""'..'.'0'..i".t'tt'ttt
GEOMETRY 78
* Zone 1 (PMMA)
0.00 842 000 220 1
* Zoues 2 - 13 (LF Detector Array)

842 872 000 01 3
842 872 0.1 085 0
842 872 0985 105 3
842 872 105 185 0O
842 872 1985 205 3
842 872 205 485 0
842 872 485 505 3
842 872 505 9685 0
842 872 995 1005 3
842 872 1005 1885 O
842 872 1895 2005 3
842 872 2005 220 O
* Zone 14 (Ar)

872 4772 000 220 2
* Zones 15 - 28 (LF Detector Array)
4772 4802 000 01 3
47.72 4802 0.1 085 ©
47.72 4802 085 105 3
4772 4802 105 195 0
4772 4802 195 205 3
4772 4802 205 485 0
47.72 4802 4985 505 3
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47.72 4802 S05 085 O
47.72 4802 8985 1005 3
47.72 4802 1005 1985 O
47.72 4802 1885 2005 8
47.72 4802 2005 220 O
. * Tone 27 (PMMA)
4802 5644 000 220 1
* Zones 28 - 39 (LF Detector Array)

5644 5674 000 01 3
5644 5874 0.1 085 0
5844 5674 085 105 3
5644 5874 105 185 O
5844 5674 185 205 3
5644 5674 205 485 0
9844 5674 485 5.05 3
5844 5874 505 085 O
5844 5874 985 1005 38
5644 5674 1005 1885 O
58.44 5674 1085 2005 3
56.44 5874 2005 220 O

* Tone 40 (PMMA)
56.74 65.16 000 220 1
* Zenes 41 - 52 (LF Detector Array)

85.16 6548 000 0.1 3
65.18 8548 0.1 085 0
85.16 6546 085 105 3
85.18 8546 105 185 O
85.16 8548 185 205 3
65.18 8548 205 4585 O
65.18 8548 485 S5.05 3
85.18 8548 505 98.85 O
85.18 8548 9085 1005 3
85.18 8548 10.05 1885 0
85.18 6546 1995 20.05 3
85.16 8548 2005 220 O

* Zone 53 (PMMA)
85468 7388 000 220 1
* Zoneg 54 - 65 (LF Detector Array)
7388 7418 000 0.1
7388 7418 0.1 0.95
7388 7418 0985 1.05
7888 7418 105 185
7388 7418 185 205
7388 74.18 205 4.85
7388 74.18 435 505
7388 7418 505 9.95
7388 74.18 885 10.05
- 7388 74.18 10.05 19.95
7388 74.18 1985 20.05
7388 74.18 20.05
. * Zone 88 (PMMA)

g
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7418 828 060 220 1t

* Zones 67 - 78 (LF Datector Array)
828 829 000 0.1
826 829 0.1 0.85
826 828 0985 105
826 828 105 195
828 829 185 205
826 829 205 485
828 829 485 5.05
828 828 505 9.95
828 828 895 1005
828 829 1005 19.95
828 829 1985 20.05
828 829 2005 220 O
tt'l'".'t"'t'.'ttttt'..soumttﬁtttt.t.'t.'ttt'.t.’t'
ELECTRONS

ENERGY 891.00

CUTOFFS 1.603 0.01

DIRECTION

.tttttt..'.t.tt..t.'.'..tm wmtil.....ﬁt.t.t.tt't
RANDOM-NUMBER

10234

ELECTRON-ESCAPE

NBINT 10 USER

10.0 20.0 30.0 40.0 50.0 70.0 90.0 120.0 150.0 180.0

HISTORIES 10000

E. SAMPLE CYLTRAN OUTPUT FILE
The following sample CYLTRAN output file was generated

using the sample input file given in section A.
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IXXA2 22222222222 2 22222 R 2 222 iddsd]]

*  PROGRAM ITS - BECEMBER §, 1887 *
' VERSION 2.1 '
* JOEK A NALBIES Y
' TROMAS A. MEKLRORN *
* RONALD P. KENSEX *
*  SANBIA NATISNAL LABORATORIS .

LAAAAZZ R AR A R 222222 N 2 2R i X2

* CYLTRAN *

* -

L2222 2 AR R R 2L s a2 22 222222222223

b2 2222222222222 0222232222222 )

*** DOURLE PRECISION RU ***

(2222222222422 22222222222 ]Xs

NUMBER OF MATERIALS
:

222222222 X 2 a2 s s 2222222222222 22 2

* GAMMA RAY CROSS SECTION BATA FOR MATERLAL NUMBER 1 *

AARAR R A2 2R Al R dd it lsd il ddiiidlildd it s iilssdlsd)

MPAR NTAB MTAX
5 1 4

ENERGIES (MEV)

1006.000008 $8¢.500000 $00.500008 508.808"7¢ 488.000008
200800088 150.900000 100.000000 .o - -.«¢ 00800000
40800000 38.000008 20.550008 15.500000 18.800000
§.800008 5000008 4.500000 3.000600 2.500000
1060008  0.360000  0.800000 0.508008  0.400000
0200008  0.156800 0.160800  6.830000  0.030000
0.540008 0.030000  0.020800 0.015000 0910380
0508008 0.004000 0583000 0.002060 0001500 001000

TOTAL ATTENUATION COEFFICIENTS (CM2/C)
0017838  OBI78A3 Q017388 0017172 0018912  0.81GSS3
0010088 0015633  MNISeSS  MAN4773 0014717 0014308
0015010 015428  M0IB5M 0017889 0820570 G318
0820530 029110 0032788 033338  QGA7E73  LASSESS
0883575 0076285 0036389  0.833330  0.102%68  M.114820
0132288  Q1M4572  LIS1830  LI71283  0.185888 0197748
0218838 0275468 0507558 0338882 3178813  0.265%s2
15104587 52254905 123.215628 399.582178 908.058528 2778015825
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RATI OF SCATTERING PLUS PAIR PRODUCTIGN TO TOTAL ATTENGATION COEFFICIENTS
1580000 1500000 1003000 1.580000 1.000008  1.588300
1800000 1.068000 0.993399 0.993338 0339889  0.9339%9
0800959  £.999985  0.9939%7  0.999957 0.9998%8  0.9398%5
0993354  0.999933 0.999932 1593935 0.998385 0939580
0399965  0.999350 0899915 0.993877 0M3706 0398582
0835737 0897182 Q380183 0980813 Q854018 021738
0554582 0704840 0385241 0204879 OSB3V
G013828 0004071 0061733  0.500538  0.806237  0.800677

RATIS OF SCATTERING TO SCATTERING PLUS PARR PRODUCTION ATTENUATION CSEFFICENTS
0014654 0013471 0824828 0B301E7 0838 ASISM
0078888 LIS  L.101482 0202014  O8U70 L3MOTE
0307431  B4SH/SS 0556558 0.B303%7 LTI WA
0356388 0.524388 0951209 0975017 0893018 09SESE7
1888000

K SHELL IGNIZATION BATA

BINDING ENERCY (MEV), PHOTOEFFECT EFFICIENCY AND FLUGRESCENT EFFICIENCY
0.000533  0.482888  0.001349

K X-RAY ERERGHS (MEV)
0.800533  0.000533 0.000533  8.000533

K X-RAY ACCUMULATER RELATIVE INTENSITIES
1.00008  1.800008 1.00008  1.000008

AUGER ELECTRON EMERGIES (MEV)
0.000533  0.000533  0.800533

AUGER ELECTRON ACCUMULATED RELATIVE INTENSITIES
1.000008  1.800068  1.000000

L2222 22222 22022222 X 2l a2 i st 2 s s 22222}

* GAMMA RAY CROSS SECTION BATA FOR MATERIAL NUMBER 2 °

L2 X R 2222222222 2222 222222 222222202 2424222222223 22222}

MPAR NTAB MTAX
%5 1 4

ENERCES (MEV)

1000.000008 $80.000060 600.000000 580.000000 488.5000%0
200.000000 150.500000 160.000000 30.905000 68.003000
48.00000¢ 38800008 28.000000 15.500008 10.008800
6.830000 5500000 4.000000 3080000 2.005800
1500000  0.300008 0.800000 0.500800  0.460008
0200000 0150008 0.160060  0.830008¢  0.083008
0.040000 0.030000 0.820080 0.015088  0.010608
0508300 0.504000 0.083008 05020 0.M015M

; z
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TOTAL ATTENSATIGN CSEFFICIENTS (CM2/6)

8.020823
0818454
s.818331
1.82534
0083588
L1757
220204
24718980

6820405
8817858
0.81844
0827581
o7
0.134348
0310828
SA.788388

0.826082
winy
uns
8830818
0830530
e.151881
0.788858
183.518335

0015888
0018888
(L)} rred
0835814
w7m
Lisiae
1520821

0.918563
uun
0820848
(10
609540
0.175083
S22

a018141
(L] )
L2443
LSI74
6108588
195834
1020138

$35.834382 1410.555822 244410085

RATIO OF SCATTERING PLUS PAIR PRSDUCTION TO TOTAL ATTENBATIN COEFFICENTS

1800008
1.800808
0939888
0393338
0939835
0.397658
0.758832
0.807918

1.800000
1993899
.993897
0.999837
0.993308
0.834834
0582088
1.802328

1.06300¢
150539
1.8%3598
0899585
0.999842
0531984
3282291
0.000897

1.800008
0993988
1.893995
0.893881
138378
0.564821
0123888
0.800313

1000508
0883980
0833983
0399972
1.5
7
0.837558
0000148

1003008
5580188
0.559891
0999882
89222
0583849
0.519038
0.000047

RATIS OF SCATTERING TO SCATTERING PLUS PAIR PRODUCTIGN ATTENUATION CSEFFICIENTS

0174
0.083348
0.313035
0.389759
1.800008

0.014885
0.035828
0.398082
0.904074

K SNELL ISKIZATION BATA

0019974
0.131563
0.528458
0837428

0.024188
0.185703
1821834
0.887508

0.838545
0218487
1753388
0330738

841343
8257825
0.583348
0938038

BINDING ENERCY (MEV), PROTOEFFECT EFFICIENCY AND FLUORESCENT EFFICIENCY

0.748013

K X-RAY ENERGIES (MEV)

K X-RAY ACCUMULATER RELATIVE INTENSITIES

1.800000

1.00009

1.800008

AUGER ELECTRON ENERGIES (MEV)
0.000533  0.800533  0.800533

1.800000

AUGER ELECTRON ACCUMBLATED RELATIVE INTENSITIES

(222222222 222 a2 A 2 R I 222222222 222222 2322222222 2]

* GAMMA RAY CROSS SECTION BATA FOR MATERIAL NUMBER 3

SRS R NSRRI PR PR RR SR NR RN NN ER N TR RSB RN NI RONNRERNOROORSD

MPAR NTAB MTAX
5 14
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=
s

§80.000000 400000800
$0.503008 50000000
10.000800

3000006 2008300

05000  J.U000N
0100008 0550008 L.0000M
0520000 001500  LA1ONS
0003000 L6260 LM

-—
-
g
-—
: -

TOTAL ATTENBATION COEFFICEENTS (TM2/S)
0018451 0518274 M010M0 OI73S  MNITSR2 MR
G018882 MBIG173  ABISAIS  MBISIIA OBIASSS Q14BN
0014386 0514829 0015840 0010701  Qsinsst
0825451 0828460 0833108  O.MMIISY
0058327 UESM3  LE74S2S 085038 SN LaStM)
LI113838  G124538 L1405  LISIN21  QIBO7T7S  L1SBSSE
0227884 0334742 07%47M4 1743187 GBISISS  11.585241
27458005 82734358 213500435 663.126321 1478.303487 4291.988821

g
i

RATIS OF SCATTERING PLUS PAIR PRODUCTION T8 TUTAL ATTENUATIGN CSEFFICIENTS
1.500008 1.600000  1.800000  1.800000  1.860008  1.600008

0999999  0.939939 0999399  0.999389  0.983938  0.998483
6099957 0.599936 0999954  0.939333  0.9339%%  0.998S%8
6599938  0.999983  9.939388  0.839975  0.939884  0.9998N0
0955814 0993576  0.999788  0.993652  0.993491 0398580
0898385  0.992838  0.978452 0954088 0334314 328307
LIG7718 0490088 4214524 GIN188 QN34T ARISSH
0.008547 0.001388 0800353 0000275  0.800125  0.000043
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RATI OF SCATTERING TO SCATTERING PLUS PAR PRGSUCTIGN ATTENUATION COEFFICIENTS
0012147 0015283 0820832 0824958  AM3ISI3 MM
0065284  DOSIIST  LI13S267  LIGE3M  e222823 0283007
0318538  RAG3970 0535388 082788 04337 MBI
GI73AM 0306578 0339409  08834%7  0.95083%  0.9%I5%8
1.000000

K SHELL MONIZATION BATA

BINDING ENERCY (MEV), PROTOEFFECT EFFICIENCY AND FLUGRESCENT EFFICENCY
0000837 0827323  0.083378

K X-RAY ENERGHES (MEV)

0600837 0.500887 0.000837  0.800837

K X-RAY ACCUMBLATED RELATIVE INTENSITIES
1.500008 1.000008 1.830000  1.800088

AUCER ELECTRON EMERCHS (MEY)
0.000087 0.080887  0.000817

AUGER ELECTRON ACCUMULATED RELATIVE INTENSITLES
1.800000  1.500008  1.800000

75




PRSI RO R RN SO R A R R RGO RN NN RSP R IR RC R ACRRRANRIRE RO TOIONREN

*  ELECTRON CROSS SECTION BATA FROM PROCRAM BATPAC  °

SERRNERRNNNAR SRR G RN EE TR RN E S EEPANNEN RO R RN BN OCOERGOROROOIRS

NUMBER OF SETS ON BATAPAC TAPE = 3

LAl E3 22 22220 ]2) m m m a‘ “ m . m " m l' m (A2 222322 22222227

MATERIAL DERSITY ETOR

T LITS80E+-01 035500+

1 A "
6.10830¢+ 81 0.10080¢+81 0.88500f-01
0.80008¢ + 81 0.12017E+62 0.58930¢+ 80
0.30008E+ 01 0.15899% +82 0.31960¢+-88
NSET ITRM (2P ISCN (SUB INAL KCYC NCYC NMAX  EMAX EMIN EMAX LMAT
T § 0 1 3 1 1 8 O4 15100000+82 15273040 +00 751384786 +81 3

DATAPREPBATA FOR BATAPAC SET 1 84 33 3 121 751387E+01

MATERIAL BENSITY DETOUR

2 LI13S06-82 0.83500E+ 00

1 A n
078000+ 01 0.14807F+ 02 0283406+ 00
6.30000€ + 81 0.1583%+02 073580+ 00
NSET TIRM [O® ISUB INAL KCYC NCYC MMAX  EMAX EMIN RMAX LMAT
2 0§ 0 1 3 1 1 8 B4 191000006+02 152734406+08 SBA203E+8 2

BATAPREP DATA FBR DATAPAC SET 2 84 33 3 121 B84283%+01

MATERIAL BENSITY BETOUR

3 0.28350E+01 0.33500¢+ 89

1 A w
§.30000€+81 0.83330€+01 026750+ 00
0.50000¢ + 681 6.183998E+ 82 0.73258+ 80
NSET (TRM [DP SN ISUB WAL KYC NCYC MMAX EMAX EMIN RMAX LMAT
$ 0§ 0 1 3 1 1 8 o4 191000086+82 15273%406+00 RM2I72%8E+01 2

BATAPREP BATA FOR DATAPAC SET 3 84 33 3 121 $482072%+ 01

COLLISION / TOTAL BE/BX RATIES FOR BATAPAC ST 3
COMBLATIVE BREMSSTRANLUNG CROSS STCTIONS FOR DATAPAC ST 3
COMBLATIVE SREMSSTRANLUNG ANCIAR DISTRIBUTINS FOR BATAPAC SET 3

LANGABSS - EQUIPROGABLE ENDPOINTS FOR INTERPLATION
K X-BAY PROBOCTION FOR BATAPAC ST 3
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PHOTOELECTRON ANCULAR DISTRIBUTIONS

PARR ELECTRON ENERCY DIVISION DISTRIBUTION (LEAB)
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(232222123

LAR 22 AS 222222222

tORRNEREY

*he
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NEER SRR R AR R ERN N R AR NP RPN C IR R AN A RN RO ER TR NS NIRRT OCORNNERS

* COMPARISON OF STORAGE REQUIREMENTS VS ALLOCATIONS *

BRI R AR RN SRR R E RN PR R RN AN R RN P IR R RN R AN NSO GORARNANOOEE

NOMBIR OF MATERIALS ON CBSSS SECTION FILE

MAGMUM NUMBER OF ELEMENTS IN A PROBLEM MATERIAL

LENSTH OF ELECTRON CRESS SECTION ENERGY GRS

BLECTRON ENERCY GRS LENCTN FOR SAMPLING BREMS. PROTON ENERCY
PRSTEN ENERCY CRIB LENCTN FOR SAMPLING BREMS. PUOTON EMERCY
ELECTRON ANGLE GRIB LENCTE FOR SAMPUING ELECTRSN SCATTERING ANGLE
PROTON ANGLE CRID LENCTH FOR SAMPLING BREMS. PHGTON ANGLE
PROTON ENERCY GRID LENCTN FOR SAMPLING BREMS. PROTON ANCLE
ELECTRON ENERCY CRI LENCTE FOR SAMPUING BREMS. PROTON ANGLE
PROTON ENERSY CRIB LENCTE FOR SAMPLING PROTS-ELECTRON DIRECTION
ELECTRON ANGLE GRIB LENCTN FOR SAMPLING PHOTS-ELECTRGN BIRECTION
PROTON ENERCY GRID LENCTE FOR SAMPLING PAR ELECTRON ENERSY
ELECTRON ENERCY GRID LENSTE FOR SAMPLING PAM ELECTON ENERCY
GAUSSIAN FUNCTION CRIB FOR SAMPLING ELECTRON ENERCY 1853 STRACSLING
LANDAY FUNCTION GRID FOR SAMPUNG ELECTRON ENERCY 1838 STRACGIING
MAXGMUM NUMBER OF TABLES OF PROTON CROSS SECTIONS

MAXIMUM LENCTE OF PROTON CROSS SECTION TABLE

NUMBER OF ELECTRON ESCAPE ENERCY BINS

RUMBER OF PHOTON ESCAPE ENERCY BINS

NUMBER OF ELECTRON ESCAPE POUAR ANGLE BINS

RUMBER OF PRGTON ESCAPE POLAR ANGLE BINS

LENCTN OF SSURCE SPECTRUM ENERCY CRIB

NUMBIR OF POLSE NEIGHT ENERCY BINS

NUMBER OF ELECTRON FLUX ENERCY BINS

KUMBER OF PROTON FLUX ENERCY BINS

NOMBLR OF ELECTRON FLUX ZBKES

NUMBER OF PROTON FLUX IDNES

NUMBER OF PROBLEM ZBNES

SIZE OF BOUBLY DIFFERENTIAL BREMS BISTRIBUTION

SIZE OF SINGLY DIFFERENTIAL BREMS BISTRIBUTION

S OF GOUBSMIT-SAUNDERSON ANCULAR BISTRIBUTION

NO. OF ELECTRON ESCAPE AZIMUTHAL ANGLE BINS

NO. OF PROTON ESCAPE AZIMUTHAL ANGLE BINS
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RN EERRRANSN R RRENR IR O AN NRRE D

A2 A2 Z 222222222 12222222222 ) ]

NOMBER OF NPVT BBNES = T8

LEFT - INNER Wit ELECTRON  PROTON
PLANE PANE RANSS RADRS CUTOFF  FORCING
MATERAL  (CM) (™) (M) (™) (MEY)  FRACTION

0.000006+ 00 B.420006+00 0.05000E+00 220000 +87 1.883+00 U083+ 00
SA2000+00 87200000 (0.00503C+00 1.00000C-81 18831+ 00 0.000¢+08
SA2000E+00 8720006+ 08 1.000006-01 9.50000-01 1.8583t+00 0.000+ %

SA2000C+ 00 3726006+ 08 .500006-0) 10500000 158300 .00+ N
SA20006+08 S.72000E+00 1.0S000C+00 1.9S000f+00 1883E+00 0.000-+ 00
S.420006+00 S.720006+08 1.95000E+00 20500000 1583+ 00  0.008+ 0
S.A20006+00 8720006400 2.05000€+00 ANSDONE- 00 1.803E+08  0.00K+ N
SA2000E+00 8.72000(+-00 A SSOONE--00 GSOSONGE+00 1.083t+08 000+ 0
B.42000E+08 8.72000(+00 S.8S000C-+-00 9.9S008E-+-00 1.083t+00 000+ N
8.42000 + 60 8.72000(-+08 9.95800E-+-08  1.06550F+81 1.683t+00 0.0+ 00
SA20006+08 8.72000E+00 1.00500+01 1.885086+01 1853+ 00 0.000¢+ 0
S.A20006+00 8.72000E-+00 1.98500E+-01 2085006+ 1.853E+00 0.000-+08
S.420006+00 8.72000€+00 2.06500€+01 2.28008¢+01 1883+ 00 0.00+ N
S.72000E+80 A77200E+01 0.00000E+00 2.26000¢+01 1.883f+00 0.5086+ 0
477200E+01 A.302006+01 O.80000+00 1.300006-01 1.883E+00 0.580¢+00
4772006 +01 A30206E-+01 1.800006-81 9.500006-01 1.883E+00 0.000¢+M

A772086+01 A430200E+ 08! 8.500006-01 1.050006+00 1.883t--00 0.500¢+ 00
4.772006+01 4.30200E+01 1.85009¢+08 1.35000¢+00 1.883t+00 0.800¢+08
A77208E+01 4302006 +01 1.95000(+08 2.050006+08 1.883E+00 0.000+08
AJ7200E+81 4.30200E+81 2.05000E+80 A.9S0006+00 1.883E+00 0800+ 00
A772006+01 A302006+01 A95000f+80 S.0S0006+00 1.883t+08 0000+ 00
A77200E+01 4.80200E+01 S.0SQ00E+80 9.95000¢+00 1883 +08 0.800¢+ 0
A772006+81 4.30200F+81 9.95000f+80 1.90506E+01 1.883E+08 0000+ 00
A77200E+81 A30200E+01 1.88S00E+01 1.99500E+81 1.883t+00 0.500(+ 00
4772006 +81 4.30200F+01 1.99S00E+01 2.005006+01 1.883+00 0.000¢+00
AT72006+81 4.302006+01 2.80500€+01 2.200006+01 1.883t+00 00806+ 0
4302006401 S.84400E-+81 0.00000E-+08 2.200006+01 1.883E+-00 0.000+ 00
S.844006+01 S.07400E+01 0.500006+80 1.960006-01 1.803t+00 0.000+08
S844006+01 S.074806+01 150000601 S.50000F-01 1.503E+08 0.00N+0

S.84400¢+01 S.07400€+01 8.50000f-81 1.55000E+08 158300 0.000+ 08
S844006+81 S.074006+81 1.85000E+00 1.9S3006+00 1.883E+00 0.0006+ 00
§.044006+01 587400601 1.950006+-08 2.05000¢+00 1503 +08 0.000C+00
S044006+01 S874006-+01 2.050086+08 A9S000E+00 1.893t+-00 0.000+0
SOM400E+ 01 507480+ 01 495000400 5.0S000C+-08 15831+ 00 0.000+ 00
S.S44006+01 S.07400E+01 S8SC00E+00 0.950006+ 00 1883500 0.00%+ 00
S844006+01 S07480E+01 0.950006+00 1985006+ 01 1.883+00 000N+ N
SSA400E+01  S.07400E+01 1885006+ 01 1.93500€+01 1.583t+08 000N+ 00
SOA4006-+-01 S.07400E+01 199500+ 01 200500 +01 1.883%+00 09000
S.844806+ 81 S.07400€+01 280S00E+01 2208066 +01 1.803E+00 0000+ 00
S074806+01 GSIG00E+01 0500006408 2200006+01 1.803f+00 0.000¢+ 08
S.51600E+01 G.548006+81 O.80C00E+-00 1.90000F-01 1.83+00 0.0806+00
G.51000E + 81 G.54000(+01 1.06000(-01 9.50000(-81 1.833+00 Q.00+
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6.51808E+ 01
§.51800¢ + 01
$.51800¢ + 81
8.51800E+ 01
€.51800¢ + 01
6518006+ 01
6.51800E+ 01
S516806+ 81
$.51600¢ + 01
6.51880¢ + 01
0.54800¢ + 01
7.38800¢ + 01
138800+ 81
7.38800¢ +-01
7.33300¢ + 01
7.338008 + 81
7.38800¢ + 01
7.33800¢ + 01
7.38800E+ 01
7.38800E+ 81
7.38800F + 81
7.38800E+ 01
7.38800¢ + 01
7.41800¢ + 81
$.28000¢€ + 81
$.28000¢ + 01
$.26000¢ + 01
$.26000¢ + 01
$.28000¢ + 81
$.26000¢ + 01
$.26000¢ + 81
$.26000¢ + 01
$.26000¢ + 01
$.268000¢ + 81
$.28000¢ + 01
$.28000¢ + 01

6.54800¢ + 01
6.54800¢ + 01
$.54800¢ + 81
0.54800¢ + 01
6.54800¢ + 01
§.54800¢ + 81
§.54800¢ + 81
6.54800¢+ 01
6.54800¢ + 01
6.54800¢ + 01
7.38800¢ + 01
7.41300¢+ 01
7.41800¢ + €1
7.418006+ 01
7.418006 + 81
7.81808E+ 01
7.41800¢ + 81
7.41800E+ 01
7.41800¢+ 01
7.41800¢ + 81
7.41808¢+ 01
7.418006 + 01
1.41800F + 81
$.28000¢ + 1
$.28000¢ + 81
$.29000F + 61
$.29000¢ + 01
$.29000E + 01
$.29000F + 81
$.28000¢ + 01
$.28000¢ + 01
$.29000¢ + 81
$.29000¢ + 81
$.29000¢ + 01
$.28000¢ + 81
$.29000¢ + 01

9.50000¢-83

1.85000¢+ 00
1.850006 4+ 09
2850006+ 00
4.35000F + 08
S.85000¢+ 08
4.85000E+ 00
1.88500¢€ + 01
1.98500¢ + 01
2805086 + 01
0008805+ 8
0.00300 + 00
1.00000¢-01

9.50008¢-81

1.050006 + 08
1.95000¢+ 08
2850006 +00
4950086+ 00
5.050085+ 09
$.95000¢ + 88
188500 + 01
1.985008 + 01
2.80500¢ + 01
0.00000f+ 88
0.00000¢+ 08
1.80000¢-81

9.50000E-01

1.85000E+ 08
1.95000F + 80
2.05000¢ + 88
4.33000¢ + 88
5.850006+ 08
$.95000f + 88
1.80500E+ 01
1.99500¢ + 01
2.80500¢ + 81

1.85000¢ + 80

1.95800¢ + 08
2195005 + 08
485000+ 00
850006+
9.55800 + 88
1.00508¢ + 81
1.99500€ + 81
208500 + 01
2.28000 + 01
2.2008% + 01
1.00888E-01

195000+ 00
205000 + 00
4.950006+ 00
505000t + 0
2.95000¢+ 08
1.98500¢ + 81
1.98500¢ + 01
2.80508¢ + 01
2.20000¢+ 81
2.20000¢ + 81
1.80000¢-81

1.85000¢ + 88
2.05000¢ + 68
4.95000¢ + 08
S.05000¢ + 08
1.95000¢ + 08
1.50508E+ M
1985088+ 81
2.80500¢ + 1
2.20000¢ + 01

81

1503+ 08
1583+ 08
1583+ 00
1583 +00
1483+00
1503 +00
150%4+00
1583+ 08
1.58%+00
1585+ 00

1583 +00
158 +00
1583 +00
1883+ 0
1803+ 08
1803 +08
1.803+08
1803+ 0
1.803+ 88
1503+

1503 +00
1803 +M
1803+ 00
1503%+0
1583+ 80
1503 +00
1883+ 00
1.803+08
1.883%+ 0

18835 +08 0000+ 00

1.8006+00
1000+ 0
0.0+ 00
08006 +00
0.00%¢+ 00
0.0086+ 00
L858+ 0
0000 +00
0.0+ 00
1000+

15836 +00  0.00K+ 00
OS0000E-01  1.883€+00  0.000¢+ 08
1058006 +00 108308 000K+ 00

0.500¢+ 00
0008+ 00
0.805t + 00
0.000¢+ 00
1.0086+ 00
5.800E+ 08
.80+ 08
2.500¢+ 00
0.500¢+ 08
0.0005 + 08

1503 +00 0.8006+00
10035 +00 08006+ 00
1.850006+68 1.803E+60 0.0006+ 00

§.000¢+ 68
0.000¢+ 08
1.800¢+ 00
0.8005+00
0.000¢ + 90
6.000 + 08
6.000f+00
4.8005+ 00
.80+ 00
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* SSURCE IFSRMATION *

(A2 2R 2222222222222 222 3]

SOURCE ELECTRONS

THE MAXGMUM SSCRCE ENERCY IS 391.00008 MEV

THE GLORAL ELECTRON CUTOFF ENERCY IS 1.80308 MEV
THE PUCTON CUTOFF ENERCY IS 001008 MEV

COORDINATES OF THE PSINT SSURCE 08 OF THE CENTER &7 THE BEAM (DISK) SSURCE ARE
X = 0.50008¢+08 CM Y= 000030E+0% SN 1= 0.80000+08 CM

THE RABISS OF THE BEAM (BISK) SOURCE IS —  .0830(+ 00 CM

REFERENCE MMRECTION FOR ANCGLAR DISTRISUTION IS DEFINED BY
TRETA = 8.8808 BECREES PE = 0.0600 BEGREES

THE STANDARD ESTIMATES ARE BASED ON 10 BATCHES OF 1068 INSTORES EACH
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* ouTPeT PTG ¢

LA A 2222222222222 Y 22 )

ELECTRON-ESCAPE ENERCY CLASSIFICATIONS (MEV)
35190000 31250000 27370688 23488008 18550000 158.48808
117.30000 7020000 3510000 (s8N

ELECTRON-ESCAPE POLAR ANGLE CLASSIFICATIONS (DECREES)
1000000 2000000 3000000  40.00800 5050080  79.00000
S0.00000 12000000 150.00000 130.80000

ELECTRON-ESCAPE ADMUTE ANGLE CLASSIICATIONS (DEGREES)
180.00068
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* PEYSCAL DPTIONS *

(3223232022222 222 ]s] )

ELECTRON COLLISION ANB RADIATION ENERCY L83 STRACGLING

BREMSSTRABLUNG AND CRARACTERISTIC X-RAY QUANTA FOLLOWED

BREMSSTRARLONG INTRINSIC ANCLE OF EMISSION FROM TABWATED MNSTRIBATION

PROTON-PROSUCED ELECTRONS FOLLOWED

MATERIAL M. 1
ELECTRON RANGE AT MAXIMUM SOURCE ENERGY IS
K X-RAY QUANTA NOT FOLLOWED
ELECTRON WMPACT ISNIZATIGN NOT SAMPLED

MATERIAL NS, 2
ELECTRON RANCE AT MAXIMUM SOURCE ENERGY IS
K X-RAY QUANTA NGT FOLLOWED
ELECTRON IMPACT INIZATION NOT SAMPLED

MATERIAL M. 3
ELECTRON RANGE AT MAXIMUM SOURCE ENERCY I$
K X-RAY QUANTA NOT FOLLOWED
ELECTRON IMPACT JSNIZA::3N NOT SAMPLED

ANNIHILATION QUANTA FOLLOWED

THE VBLOME RATIO IS 0.1000000000000¢ + 01

0751396+ 82 (C/CM**2)

0.88428E+02 (S/EM**2)

0.80237¢ + 82 (E/EM""2)
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* 381 MoV Hectrons - 16.8 PMMA, 38cm Air, 4.0 PMMA, § LF Arvveps *

* *

PR RPN R R R NN R SR PR NN RN SRS PR R SR N RN RN R R PR AN RO A R RN RIS RN A RN RN P AR R E RO RN R R AN S

THE PROSLEM IS 108 PERCENT COMPLETE. TIME TO FiISY 18 0008 SECONBS. AVERAGE TIME PER BATCE IS 433840

AVERAGE SOURCE ENERSY = 3.9108+82 8 MEV

THE INITAL RANDOM NGMBER OF TIRS RUN I3 ]
THE INTIAL RANBOM NUMBER OF THE CURRENT BATCH IS 31411431531
TRE FINAL RANSSM NUMBER OF THE CURRENT BATCE I8 e
ISSTORIES | JI -1 - STEPS -

PMRIM SEC KNGCK PE PAR  OOM AKH BXEM R AY UM PMA MM St

10008 65483 254 § 163 1833 0 138014 1414 1 s I W uus
MK = ]

ENERCY (MEV)  AVE ENERGY (MEV)  WOMBER/PRMARY  NGMBIR CENERATH)

FIRST KNOCK (ABOVE TCUT)  1.5582f+01 L4I%+0 L2904+ 00 mu
TOTAL KNGCK (ABOVE TC¥T)  1.9350¢+01 55308+ 00 32584+ 0 258
PROTS-ELECTRON 1.04438-01 3333802 1753+ s
PAR 835418+ 01 s.8458 + 01 178228+ 00 nn
CSMPTON 20285 + 01 AATSHES1 45284+ 01 52838
AUGER 0.8000¢+ 08 1.8030¢ + 88 0.0008¢ + 00 '
FIRST BREMSSTRARLUNC WA+ 241808+ 81 L2328+ 00 23
TOTAL BREMSSTRAMLUNG 240588+ 02 170288+ 01 14028+ 01 m
K X-RAY(P-MSNIZATION) 0.6000¢ -+ 00 0.5000¢+ 08 0.5000¢ + 0 !
X X-RAY(E-IGNLZATION) 0.8000¢ + 60 0.5000¢ -+ 08 8.8008E -+ 00 )
ANNILATION QUANTA s2881E-01 s.70888-01 12308t + 08 12368

NUMBER AND ENERGY (MEV PER SGURCE PARTICLE) OF SQURCE PARTICLES REJECTES FOR BEING BELOW TNE GLOBAL CUTOF
] 0.50000¢ -+ 08 99
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NUMBER ESCAPE FRACTIONS --- KSOCK-ON AND PROTON GENERATED ELECTRONS, ANNISKATION RABIATION, K X-RAYS

TRANSMISSION
KnecK -8 ANNN
QASE82 4 ABIEN1 2 113N 1
K X-RAYS FROM MATERIAL N0. 1, K X-RAYS FROM MATERIAL 8. 2, ETC.
0000089 0000089 00NN 9

RERLECTION
NeCK P& A
0000000 WK+ Y SIS ¢
X X-BAYS FROM MATERIAL MO. 1, K N-RAYS FRGM MATERIAL BS. 2, EFTC.
(1 29 K v Z8 § BV 23y §

LATERAL ESCAPE
[ 1 { P-S6 ANNI
330682 4 178602 3 24N 2
X X-RAYS FROM MATERIAL NS. 1, X X-RAYS FROM MATERIAL MO. 2, ETC.
GO0E+-0099 0.00F+8099 000+00 99

146E+08 1 2482801 1 W74 328E+00  338E01 0 XS4

REFLECTION
.......... (151 | [RRNR | ' J—

RUMBER ENERSY COUNTS NOMBER ENERCY COUNTS
BO0E+00 39 000E+-00 99 8 LA 2011E0S 2 2
TATERAL ESCAPE

---------- 174 US| P—

SANER2 S70%M 4 SA0 B0SE+00 28903 1 3/
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SERE-BE-E- R R E R R BB

MATERIAL

0T W ® QB YT B S T LT N W T T G M T PN T N PN T T MM T NPTy~

MASS(EM)
152106+ M
LBAUER
0.5800 + 00
4 9888581

0.0000 + 0
4.93371-01
0.8000¢ + 80
2483+ 00
0.8000¢ + 00
498891+ 08
.8000¢+ 89
133+
0.8000¢ + 08
18271E+0
24834182
0.0000¢ + 60
4.9888E-01
$.0000¢ + 60
$.9337¢-01
8.0000¢+ 88
2883E+N0
0.0000¢ +88
49889t + 08
1.0000£+ 88
13337+ 00
0.0000F+ 80
152188+ M4
2483412
0.0000t+ 88
4.9883E-01
0.0000¢ + 9
9.9337E-01
0.0000¢ + 68
284+0
0.0000¢ + 00
49883+ M
6.0000t+ 08
1IN+
1.0000f + 00
152106+ 04
24834802
0.0000£ + 08
49888801
0.8000¢+ 00
$.93371-01
0.0000¢ + 00
L8+

(NORMALIZED TO ONE INCIDENT PARTICLE)
EMERCY BEPOSITION (McV)
VOLBME(CE) M ANSCK (3 -{ LU
128035+ M4 221436 +01 1-1.8284E+00 5 183876+00 3 2.1353t+01 1
9.42431-03 STIGE-01 2 -707006-82 27 408482 7 ASS7301 §
sanee-n 0.00006+98 99 0.0080¢+-00 95 0.0500¢ -+ 08 58 0.0000F 00 98
183850601 G.5SAGE-04 30 BISB4E-83 18 353771-08 13 1942702 12
2547+ 0.5000E+00 99 G.0000C--00 59 0.0000¢ 00 99 0.0000¢+ 00 99
3788801 QADISE-0S 00 1284303 18 357790 U 1777%-83 17
13132 +0 000086 +00 89 0.0000c+00 99 058006 +00 00 0.00506+-M0 99
9.4248¢ 91 94270605 89 ANSISE-RS 89 72100605 72 1.0104F-4 88
08272 + 01 0.0000E+00 35 B5006E+-00 9% .0600¢+00 99 9.9600¢+00 89
1.8850¢+ 0 G.0000E+08 88 S.1BG4E-05 99 2.9185F-85 87 8.882%¢-05 83
27992+ 12 0.0000C+08 89 0.5000f+ 80 95 05.00006+ 06 99 0.9650¢+09 88
178998+ 08 S0000F+00 99 33943135 99 S.09G4(-08 91 398305 38
1.7281E+-01 0.0000€+08 39 0.B000F+- 00 59 0.0300¢+00 089 0.5800¢+ 08 93
SS30IE+M LIGIGEN1 1 18912683 98 1218982 2 1.3084E-01 2
9.4248¢-83 44335083 20 -2.5799-04 98 2.7S31C-83 23 G.82881-83 12
$.4118¢-01 Q.0000E+00 29 0.6000¢+ 00 39 0.00006+00 95 0.0900+ M0 B3
1.8850¢-81 7.8985E-82 § -2.5089-02 42 25129663 10 S.443%8-02 21
254475+ 00 0.00006+00 89 G.0000F+ 00 99 0.8000f+00 89 8.08006+00 99
3.7688¢-01 JI7076-02 7 0077804 88 17702003 37 LAB74E2 7
131328+ 01 0.0000¢+00 89 0.8000¢+00 89 0.50006+00 99 0.0000E+00 39
$.4243¢-91 1.59121-83 54 7.A1G8(-04 39 18976103 32 1.3485(-83 31
0872 + 01 Q.0000E-+00 39 0.5000c-+-00 99 0.58006+00 59 £.0000¢+90 83
1.3850E+ 08 13772-M4 85 CS737E-84 52 S0A94EM 23 13800603 29
27982 + 82 0.0000f+ 08 85 0.0C00E+00 99 0.0000c+00 98 00000+ 89
37889+ M0 G.0000E+00 89 2.7598-04 47 1.1363f-04 53 23901E-84 30
17281+ 01 0.50006+00 39 G.0000C-+-00 59 0.80006+00 99 0063+ 09
12803+ M4 Q1458+ 01 0 -7.89881-01 12 S0807E+00 2 25748+01 1
94243803 $7857E-83 12 -211896-03 88 B.A2981-03 13 1.009%-02 13
s4t1ee-01 Q.0000F+80 89 G.0000E+00 95 85.80006+00 99 0.8000t+00 99
1.8850¢-01 S.AUSSE-82 7 4.23421-03 91 2.0843(-82 11 718402 8
25447¢+- 00 Q.0000F+08 89 0.0000E+ 80 99 0.0008¢+00 99 0.0800¢+90 99
3.7898¢-01 AS100E-82 & -1.01220-02 99 11878602 12 48858602 23
19132+ 01 0.0000¢ + 60 99 0.0000F+ 60 9 0.0000+00 89 0.0000¢+00 99
$.4248¢-01 3.8030F-83 14 5.5090(-04 33 85547104 17 S4B 10
§.82728+ 01 0.0000+00 29 0.5000¢+00 99 0.0000E+00 29 0.0500E+00 99
1.8850¢ + 08 1102604 84 SOS32A0S 80 3002EM S8 7570 M N
27992 + 02 §.0000E+-90 93 0.5000+900 99 0.0000¢+00 99 4500+ 00 00
17699+ 08 Q.0000F+00 85 0.0000F+00 88 2131718554 LINTENS A
172818+ 81 0.5000+00 99 0.00006+-08 95 0.0000(+00 89 0.000KE+-M0 B9
12803+ M4 2053401 1-220085-01 22 S8980+00 2 1B+ 1
1424883 19321683 27 S.15836-04 55 58257183 18 RI7IE-B3 14
4116801 §.00006+00 99 0.0000+00 95 6.0050(+-00 %0 0900000 90
1.8850¢-81 337802 10 0.330SE-04 89 2778602 § ASNITEW 4
L5047E+ M Q000090 99 0.0000E+-00 05 0.0000(+00 09 Q063N+ 08 0
37888801 SB074E-02 § RSS2 08 1740402 § RJI7EER §
19132 +0 000005+ 00 59 0.0000¢--00 59 0.0000¢ -+ 00 29 £.0000¢ + 00 89
94248801 A5000603 20 27722604 99 A1097E-03 18 LI1SX%-G3 1S
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0o00N+00 08272+ 01
490895 +00 15853+ 08
0.50085+00 27992+ R

88

50006+ 06 95 0.50006+00 93 L.0000( 700 08 0.0000¢ + 08 %9
1703504 34 00000 +00 99 7377244 85 SATEM 30
0.8000¢ -+ 06 89 0.8000¢+80 99 0.0000¢+ 00 59 0.0000¢ + 08 5%




T0NE  MATERAL  MASS(GM)

H]

SREARZERI=RZRYERYER

n
n
n
n
L]
75
n
n
I ]

133+
$.5000¢ + 9
121K+ M
248102
0.000+N
4908501
05000+ 0
1333701
0.0088¢ + 08
24834 +00
1.0000 + ¥
49585+ N
0.5000f + 0
13337t + 88
06800+
152106+ 04
24833402
0.8000¢ + 80
4.9689¢-01
0.0000¢+ 00
1.9337E-8
0.0005¢ + 88
24333+ 90
0.0000(+ 0
4988%E+ 0
1.8000t + 08
19337+ 00
0.8008¢+ 08

THE ENERCY CONSERVATION FRACTION 18

ENERGY DEPSSTION
(NORMALIZED T8 SNE INCIBENT PARTICLE)
ENEREY DEPSSITION (MEV)
VBLBME(CE) M 0CK 23 ToIAL
L708%+00 0.03006 06 99 G.0050F+00 99 0831360528 ASBIBES 28
178+ 05000+ 00 99 .5800¢+ 00 39 0.0000¢ + 00 30 0.0000¢+ 08 89
128838+ M LOSTEE+01 1 74848602 47 13800 +81 1 R2754E+01 §
L4803 S.13006-04 40 3080004 53 ASSITES 17 L.1G18E-0318
LS ) 008006+ 00 85 0.0000¢+00 59 0.0000¢-+00 50 0.0000 + 00 9
158558601 ASSSER2 0 L740SEE3 A8 2750SER2 6 SAMMIER §
LM+ 00050000 05 0.0000C+06 95 U.00006+00 50 00000+ 00 N9
3789801 2072 7 LASTSEGT AR 25M7E 42 8 SaAR 8
19132+ 81 00000600 35 000006+ 00 39 00000600 50 0.0000E+ 00 B0
84248801 S.0586E-03 22 -3.28306-03 95 79910683 11 14338602 38
12+ 00000 +00 59 0.00G3E--06 53 0.0000¢-+08 50 00000+ ¢ 2
158506+ 08 1N S LO228E05 68 ABAIAEA 28 75156 25
1799+ 02 000006+ 00 89 0.0030(-+00 39 1.0000¢+00 59 0.0000¢ -+ 08 89
37088+ 00 S.73886-05 98 0.0000¢+00 99 1.5533-M4 38 2.12721-M4 41
1.781E+81 0.5000¢+00 89 0.5000¢+ 80 9 S.0000(+ 00 39 0.008% + M 09
12803t + 84 1.5320E+01 1 18378601 31 18833+01 1 A307E+00 1
224883 1OA406-08 0 -A0077E-00 88 Q0SEM-B3 5 LIS
sATI8E-81 6.0000¢+00 89 0.0000-+00 59 0.5000¢+06 93 0.0000(+ 00 O
1.8850¢-01 12875502 10 20852103 67 23038682 7 3809k §
LU+ 0.0000¢+ 00 89 0.50006-+90 89 0.0000¢+00 59 0.0050+ N0 N
3.7898¢-01 LR 10 LITNN TS LANER ¢ NN 7
191328+ 01 6.0000¢ -+ 60 89 0.0000¢-+06 89 0.8000+ 00 09 6.0000¢+ 08 88
8.243¢-81 1.0478E-02 9 -21388E-83 85 7.5735E-03 17 1581302 11
7%+ 0 0.0000¢+00 89 0.8000¢+- 00 89 0.8000(+ 00 59 0.0000¢ -+ 00 89
158588+ 00 07388104 32 15830E-B4 07 710964 30 178383 23
L1982+ 82 0.0000E+00 83 0.8300(+-08 99 0.5050E+ 08 98 0.9000 + 00 ¥
37805+ 08 000006+ 00 99 A4SA1E-05 89 2784205 §1 7218305 01
1.781E+01 0.8000¢+ 88 99 0.000¢-+00 59 0.0000¢+08 89 0.0800¢+ 08 99
ToTAL 150306 +02 8 -27818E+08 3 ANTSSE+01 1 1.443%+02 0

0.1000237785204E + 81 8
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1
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H
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H
12
13
14
1%
18
17
13
19
n
u

ASSLSR/ZEBRINDEBRE2RBIIIS

(NORMALIZED T8 ONE INCIDENT PARTICLE)
ELECTRGNS
MATERAL. 2 o N » PRV MNGCK (21 AL

i

0.000E+08 $.3206+-08 G.000€+00 2200601 7.3800€-82 16-1.17706-01 3-3.78806-02 §-1.43006-01 3
3.4206+00 8.7206+00 6800600 1.069¢-01 20000604 07-1.10086-82 9-6.4000¢-83 10-1.72086-82 7
SA20E+08 87206+08 1.080E-01 $.500(-81 0.0000¢-+ 08 08 0.8000¢ -+ 00 95 0.0000¢ -+ 08 00 0.0000¢ + 00 98
S.A206+00 8720600 9580601 1.8506+08  0.5800¢-+ 00 99 1.20006-03 27 S.0000-04 54 1.70006-83 0
SA20E+08 85.720E+00 1.0586+00 1950+00 (0.0G00C-+- 00 58 0.0G00¢ -+ 00 33 00000 - 08 90 0.0000¢ + 00 99
SA206+00 07206+00 1.550E-+08 2.0506+08 0.0008¢-+- 00 89 0.0500¢ -+ 00 59 A.9000¢-84 55 4.9000¢-04 17
S.A206+08 S.7206+00 2.0506+00 4950+ 00 0.0000¢+ 00 39 1.0000¢+ 06 99 0.0000¢ + OF 89 0000 + 08 9
84206+ 00 S.7206+00 ASSBE-+00 S80S0+ 00  (LOGOOE-- 00 95 0.0000¢ -+ 00 39 0.0000¢ -+ 00 99 0.0000¢ + 00 99
S.4206+08 S.7206+00 SOS0E-+00 S.9506+00 0.0050r-+ 00 58 .5050(-- 08 39 1.0000¢ -+ 3¢ 99 00000 + 08 89
S.A20E+00 37206+ 08 S.350E-+00 1.50SE-+-01 0.0000C+ 00 58 0.0000 + 00 39 0.0000¢ 00 90 0.0000: + 00 99
SA206+08 8.7206+00 1.08SE-+01 1.98SE+81 L.0CS0-+00 30 0.0080¢ 06 59 0.0000¢ + 00 59 0.0000¢ + 00 99
SA206+08 §.7206+00 1.98SE+01 2.90SE-+01 0.BGCSE-+ 00 98 1.0530-04 59 0.0000¢ + 00 50 1.0000¢-M4 90
S4206+00 8.7206+00 208SE-+01 2200601 0.5008¢+ 00 89 0.0000¢ -+ 00 33 0.0000r -+ 00 93 L.0000¢ -+ 8 99
S720E+08 A7720+01 0800E+00 2200+ 01 1.8000f-04 99-9.80006-04 87 7.0600¢-04 33-1.00006-04 99
A772+01 AS02E+01 0800608 1.800f-01 0.0008E-+ 08 99-1.50006-04 93-2.1000¢-83 17-2.2088¢-83 15
47778 +01 AB02E+01 1.880E-01 9.500f-81 0.8000£-+00 89 0.0009¢+- 06 99 0.8050¢ -+ 00 99 0.000N + M0
ATTH+01 AB02E-+01 9.580E-81 1.0506+00 0.0000F+ 08 99-2.35006-83 15-1.1800F-83 28-3.4000¢-03 12
AT726+ 01 A302E+01 18506408 1.950E+80 9.0000f-+00 89 0.8000F + 00 39 0.8000¢ -+ 00 83 0.5000¢ -+ 00 99
AT72E+01 AB02E+01 1.8506+08 2.050-+00 0.0000f+ 00 99-3.0800¢-04 51-4.8000¢-04 41-7.00506-04 39
7728+ 01 43026491 2.8506+88 4.950¢+ 0 0.0000-+ 08 89 0.0000¢+ 06 89 0.0500¢+ 06 95 0.0000¢ + 00 89
AT72E+01 ABG2E+01 A9S0E+08 S0SOE+88 G.0000E-+ 08 89 08000+ 00 89 0.0600¢ 08 83 1.0063¢ + 00 99
4772 +01 43026+81 50506488 8.950f+88 0.0800F-+ 08 89 8.3000¢+ 08 89 0.5000¢ + 00 59 0.0060¢ + 08 %9
47726 +61 AB02f+01 B.8586+88 1.80SE-+081 8.8008E+08 89 1.0000¢-04 89 2.0300¢-04 98 3.0000(-04 71
A772+01 AB02E+81 1.085E+01 1995E+01 0.0000F+ 00 39 0.3000¢ + 00 95 0.0000¢ 00 39 2.0000¢ + 00 39
AT72+01 AB02E+01 19SSE+81 2.005E+01 0.8000€+08 89 0.0009¢-+- 00 99 1.06006-04 39 1.0080f-04 9
AT720+081 4802F+6) 2085E+01 2200+01 0.5000¢-+00 99 0.8000¢ -+ 00 89 0.5000¢ -+ 00 89 18500t + 08 99
AS02E+01 SB44E+01 0.8006+00 22006+81 29100682 7-6.14036-82 8-0.2380(-82 6-0.5200¢-02 §
S844E+01 S874E-+01 0.0006+08 1800601 0.0000F+ 00 89-4.00006-04 41-1.2808E-03 27-1.8808¢-03 21
S.044E+01 SO74E+01 1.0086-01 8.500F-01 0.0000¢+06 99 0.0000+ 00 99 0.5060¢+ 00 09 0.0000( + 00 99
SOA4E+ 01 SB74E-+01 9.5006-01 1.350t+08 0.80006+ 00 $3-5.30006-04 61 0.5000¢ + 00 99-5.5000¢-04 38
SO44E+01 SE74E+081 1.0506+08 1.5506+88 0.8000E+ 08 89 0.8000¢ + 00 39 0.5000¢+ 00 93 0.0000¢ + 80 99
S84+ 01 S874E+01 1.3506+08 20506+ 00 0.0000--08 99-7.80006-04 64 27105E-28 99-7.0000¢-04 98
SOAE+01 SOT4E+01 28506+900 495008 0.6000f+ 04 85 0.8000¢ -+ 00 89 0.5000¢ + 00 89 8.8000( + 00 98
SBAE 401 S874E-+01 4953600 S850(+08 0LS0COE--00 59 1.50006-04 99-1.00000-04 95-1.03421- 28 08
SB4E+81 SH74E+081 S.050+00 88506+ 00 0.05000-+ 00 89 0.0300¢ -+ 00 89 1.0000E + 00 29 2.0000¢ + 00 B9
SB44E+01 S8740-+01 99506400 1.005E+01 0.8000¢+-98 99 0.0C00+ 00 83 2.7105E-21 99 27185E-21 89
SSA4E+01 SH74E+0) 1.0GSE-+81 1.995E+01 0.0000¢ -+ 08 39 0.8000¢ -+ 00 89 8.0000¢ -+ 00 33 L.0SSN + 00 99
SO44E+ 01 SE74E+01 1985+ 01 2.00SE+01 0.8000F+ 00 $9 0.5000¢ -+ 00 93-1.0000¢-04 89-1.0000¢-84 89
SBME+0) SO74E+0) 2005E+01 22006+97 0.0000¢-+ 08 83 .0000¢ -+ 00 99 6.5000¢+ 38 89 2.0000¢ + 00 9
SO74E+01 GSISE+01 O.8006+08 22006+01 S7S00E-82 4-8.70006-83 53-4.5300¢-02 12 3.9000¢-03 99
85186+ 01 G.538E+01 0.0006+00 1800601 0.0800E+ 00 89-1.0000F-04 99-2.5000¢-04 35-3.0000¢-04 3
GSIGE+01 0.548E+01 1.0006-81 $.5006-01 0.5008E-+00 89 0.5000¢ + 08 98 0.5000¢+ 00 89 0.9030¢ + 00 89
G.S18E+01 G.548E+01 9.5006-01 1050608 0.9G00E-+00 85 1.0000-04 89-1.4800¢-83 42-1.300-03 7§
S516E+01 8.598E+01 1.0506+88 1.850f+08 (0.8000€-+08 89 0.8000¢ -+ 90 89 0.8000¢ - 00 59 1.0086¢ + 00 &9
G516+ 01 G.548E+01 1.9586+00 20S0E+00 0.5000C+00 93-2.5000(-04 99-4.5000¢-04 £3-8.0000-M 29
G.SIBE+01 0.5486+01 28506+80 A.850f+68 0.8000¢+ 08 85 0.0000¢ + 00 89 0.5000¢ + 08 83 3.0000¢ + 08 8¢
SSI1GE+ 01 B.548E+01 48506+ 00 S.0S0E-+00 1.8000(-04 39 1.0600F-04 $9-2.00006-04 934338320 M9
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0 GSIBE+01 GSABE+01 SOS0E-+-00 9550600 S.0000-+- 00 95 05000+ 00 59 0.0000¢ 08 90 0.0000¢ + 00 B0
3 USIBE+01 GSASE+01 S.9506+00 1.06SE+-01 00000+ 00 85 0.5000f + 00 $9-2.7105E-21 98-2.7105¢-21 M
8 GSIGE+01 BSABE+01 1.00SE+01 1895E+ 01 (0.0000C+ 00 85 C.0000¢+ 00 59 0.0000¢+ 00 50 0.0000 + 0 09
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GSI1GE+01 O0.548E+01 1.995E+01 2085E+01 0.0000C+ 00 39 0.0000¢ + 00 90-3.0000¢-04 51-2.9000¢ 04 51
GS16E+01 GSABE+01 2.00SE+91 22006+081 0.0000+ 00 99 0.0000¢ -+ 08 93 0.0000¢ + 00 50 0.0000¢+ 08 88
GSABE-+01 7.33830+01 G.000E-+-00 2200601 0.28086-02 2 1.04000-82 43-4.11006-82 25 02100602 10
7388+ 01 7.413+01 G.000E+00 1.0006-01  0.0080-+-00 25 0.0000C -+ 00 99-8.0000¢-54 31-3.0000¢-04 31
73880+ 01 74186 +01 1.0006-01 0.S00-01 LD0OOE -+ 00 99 0.0060¢ -+ 00 59 0.0000¢ - 00 90 0.0000( + 00 %
73886+ 01 74186+ 01 9.580E-01 1.0506+00 2.00000-04 07-3.00000-04 99 S.00005-04 99 4.0000¢-04 M0
7308+ 01 74180401 1.950E+00 19506490 LOCSE+- 00 98 000006+ 00 59 0.0000¢ +- 00 00 00000+ 00 90
1.388+ 01 T418E+01 1.950E+00 2050600 1.0000-04 90-5.0800C-04 54-3.25200-20 90-4.00008-M4 ¥
73855+ 01 7418501 2.0506+00 49506+ 00 0.5000C+ 00 30 00000+ 00 50 0.0000¢+ 00 00 0.0000 + 00 99
1388 +01 TAIBE+01 ASS0E+08 SOSOE+-00 10000C-04 51-L.0000-04 78 1.00006-04 90-1.53425-20
7.3886+01 74186+01 5050600 5950600 05000608 50 L.0000C -+ 00 50 0.0000¢ + 00 90 0.0000¢ + 00 9
73880+ 01 74156+01 L9506+ 00 1.00SE+01 0.00000+ 00 55 1.0000C-04 99-1.52835-29 00 1.0000-04 9
7.38835+ 01 7.4188+01 1.065E+01 1.88SE+81 (0.8000E+ 00 99 0.0000¢+ 08 95 0.0000¢ -+ 30 90 0.9000¢+ 00 9
7.3885+01 74185+ 01 1995401 2005681 0.BS00F+ 08 59 0.0000¢ 00 99-5.42106-21 99-5.42196-21 99
1.3880+01 74186401 2.805E+01 22006491 0.0000F+ 00 99 000500+ 00 39 09000 + 00 90 00000t + 00 99
TAISE+01 S200E+01 B.000E+00 2.200E-+01 1.22406-61 2 1.5380¢-82 25-2.37006-02 28 1.09006-01 §
2006+ 01 $.296E+01 0.000E+08 1.0006-01 0.0000¢-+ 00 59 10830+ 00 99-2.0080¢-54 99-2.0000( 04 N
S.2806+ 01 $.280E+ 01 1.0006-01 $.5006-01 0.9000-+00 99 0.5000€+ 00 99 2.0000C+- 00 09 0.0000(+ 00 N
$2886+01 $.290+01 9.500E-01 1.850E+- 09 1.0000f-04 99 0.8000¢-04 89-8.80006-04 75 1.0000¢-84 39
2806+ 01 $.290E+01 1.050C+00 1.8506+80 0.0000f + 08 99 0.8000¢+ 00 59 0.0000¢ + 08 89 0.8350¢ + 08 98
S.2006+81 $.290E+01 1.950E+90 2.0506-+80 0.0008¢-+ 00 93 2.0000(-04 29 4000004 99 S.0080(-34 90
$.260E+ 01 $.290E+01 2.050f-+ 60 4.950E+00 0.0000F+ 00 $9 8.0000F + 08 99 0.0000¢ + 00 99 0.0009¢ + 00 99
$.2806 +91 $290F+01 4.950E+080 5.050¢+08 (.G000F-+00 $3-5.0008¢-04 61 3.0000f-04 99-2.0008¢-04 %
$.2606 + 01 9290E+01 5.050¢-+00 99506+ 00 0.0000 -850 39 0.8000¢ -+ 00 98 0.0000¢ + 00 29 0.8800¢ + 08 98
2086+ 81 $.290E+01 9.9506+80 1.805E+01 .8000C-+00 95 0.5000¢+ 00 39-3.5050(-04 §7-3.0000C-M ¥7
B.2806+01 82906 +01 1.805E+01 19956+ 01 0.9000¢+ 00 05 0.0000€ + 00 39 00000 + 08 29 C.0000( + 00 99
2686+ 01 $290E+01 1.995E+01 28055401  0.5000E+ 00 99 0.5000¢ + 00 89-2.0000¢-04 29-2.0008(-M 99
$.2006+81 82906+ 01 2.80SE+01 2.200f+01 0.5000¢+ 00 99 0.0000+ 00 99 0.5000E+ 00 09 0.5800¢+ 90 89

TOTAL 11620601 1-1.77706-01 3-2.28800-01 3-9.8408K-02 12

g2




ENERGY SPECTRA OF TRARSMITIED HLECTRENS
(WOMBER/MEV, NORMALITED TO ONE ICISENT PARTICLE)
£ (MEV)
391.0000 - 351.5000 0.00¢+0¢ 90
351.9008 - 3123808 7.071-08 51
3128000 - 2737800 1.106-84 14
37000 - 2US0 L31EM §
2348000 - 1955000 15303 §
1955000 - 158.4000 220688 3
156.4000 - 117.3000 2.83t-03 3
117.3000 - 782808 414683 3
782000 - 20.1000 G.2%83 |
301000 - 15830 14802 1

ENERGY SPECTRA OF REFLECTED ELECTRONS
(NUMBER/MEV, NORMALIZED T8 SNE INCIDENT PARTICLE)
E (MEV)
381.8008 - 351.8000 0.08¢+80 99
351.9000 - 312.8008 0.00¢+ 00 98
312.8000 - 273.7808 0.00¢+08 89
273.7000 - 2348800 0.006+90 89
234.8000 - 1355000 0.00¢+ 00 88
195.5008 - 158.4008 0.00+00 99
156.4800 - 117.3008 0.006+00 99
117.3008 - 73.2000 0.80¢-+00 9§
782000 - 30.1008 Q.06+00 89
301008 - 1.8630 0.00c+00 99

ENERCY SPECTRA OF LATERALLY ESCAPING ELECTRONS
(NUMBER/MEV, NORMALIZED T8 GNE INCIDENT PARTICLE)
E (MEV)

381.8008 - 351.8008 0.00¢+08 89
331.9008 - 312.8008 .00t 00 88
3128008 - 273.7008 0.80t+08 89
Z73.7600 - 234.8000 0.00¢+00 89
234.0000 - 1855080 0.00t+98 48
185.5000 - 158.4008 0.00f+ 08 99
158.4088 - 117.3000 0.00F+ 08 88
117.3000 - 75.2000 0.00¢+00 89
782008 - 39.1000 7.87:-88 51

30.1000 - 18830 14383 S

93




ANCRAR ISSTRISUTIONS OF TRANSMITTED AND REFLECTED ELECTRONS
(NSMBER/SR, NORMALIZED T8 GO INCIBENT PARTICLE)

PE(EC)=  0.800
TRETA (BE6) 130.608

0.0000 - 10.0000 304E+08 1

100600 - 20.0000 1.326+08 2
200600 - 30008 23381 4
30.0000 - 400000 13801 4
40.5000 - S0.0000 528%E 82 §
S0.0000 - 70.0088 134602 8
70.8008 - 98.0000 181E-83 14
90.5000 - 120.0000 0.00¢+ 00 29
120.0800 - 150.9000 0.006+00 9
150.0500 - 130.0000 .00 + 00 93
ANCBLAR INSTRIBUTIONS OF LATERALLY ESCAPING ELECTRONS
(NGMBER/SR, NGRMALLTED T8 OME INCIRENT PARTICLE)
PR(EC) = 0.000
THETR (BER) 180.008
0.0000 - 10.0008 0.00¢-+-88 88
10.8008 - 20.8000 1.786-03 45
20.0000 - 38.0000 1.821-02 12
30.0008 - 40.0008 304E82 7
£0.0008 - 58.0008 1.54-82 11
50.0008 - 70.0008 6.77t83 9
708000 - 90.0008 B.34F-M 15
$0.5000 - 120.0008 8.55¢-05 71
1208000 - 150.0008 0.06¢+ 00 93
150.0008 - 150.5008 0.50¢+00 89

ENERCY SPECTRA ANG ARCBLAR INSTRIBSTIONS OF ELECTRGNS TRARSMITIER AND REFLECTED
ADMUTHAL INTERVAL 13 0.00008 T9 130.90009 DECREES
(WOMBER/(MEV* $R), NORMALIZED T8 B0 PARTICLE)

THTA= 0500 10000 20000 30000 M0 S0 700 00 (200
£ (Mev) 10808 20000 30000 40000 51000 700 MG 120008 15000

391.800-351.900 0006+ 00 59 0.00( + 06 99 5.00F -+ 00 59 0.001 + 40 95 0.00¢ -+ 00 99 0.00¢ -+ 00 59 0.00€ -+ 00 99 0.00¢ -+ 06 93 0.00¢ + 00 89
351.900-312.300 $.04¢-05 51 0.000 -+ 00 99 G.00+- 00 9 1.00¢ + 00 99 0.0+ 00 99 0.00¢ -+ 00 99 0.00¢ -+ 00 89 0.0+ 00 99 0.00¢+ 08 08
312.808-273.700 1.15E-03 14 0.000-+00 99 0.000+- 00 99 5.00F -+ 00 59 0.90¢ -+ 00 99 0.00¢ -+ 08 99 0.00¢ -+ 00 98 0005 + 08 99 .00 + 08 88
73708234500 8.38-83 § 1.17E-04 33 .00+ 00 89 5.00¢+ 00 99 0.00¢ -+ 08 995 0.00¢ -+ 00 93 0.00¢ -+ 08 98 0.00¢ -+ 06 98 0.00¢+ 00 %
234800155500 1.52E-82 5 2.506-04 13 0.00+ 00 99 0.00F + 00 50 0.006 00 59 0.90¢ -+ 00 89 1.00F + 00 50 0.00F 00 90 000+ 00 89
195.500-156.400 21SE-02 3 S.050-04 14 0.00+00 59 0006+ 00 29 €.00¢ -+ 00 59 0.00¢ -+ 00 89 0006+ 00 99 0.00¢ + 08 90 0.00¢+ 00 99
150.400-117.300 279682 3 0.206-04 8 1.56E-05 S1 0.000-+ 00 99 0.00¢-+ 00 89 0.00¢ + 08 89 .00 08 99 0.00¢ -+ 00 90 0.00( + 08 90
117.200-78.200 348602 3 27283 7 7.18E-05 30 A.07E-00 99 0.00¢+ 00 09 5.00¢ -+ 00 98 0.00¢+ 00 99 0.00¢ + 00 90 0.00¢+ 08 99
TE200-30.100  ANTE-R2 2753683 3575004 9 328105 17 G.506-08 67 1.356-06 99 0.006+- 00 08 0.00¢+ 08 90 0.00¢ + 08 99
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301001883 SISE02 2227682 2 B.I%E03 4 342683 4 139683 5 A36-04 0§ 509605 14 000+ 00 90 2006+ 00 8
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ENERCY SPECTRA AND ANGULAR INSTRIBYTISNS OF ELECTRONS TRARSMITTED AN R.AKCTH
AZDMUTRAL INTERVAL IS 050000 T8 130.00008 DECRES
(NGMBER/(MEV" $R), NORMALITED T8 ONE PARTICLE)

TIETA = 158.008
£ (MEV) 150.000

351.0000 - 351.9000 0.00(+00 9
3519000 - 3125008 0.00¢+00 8¢
J123000 - 7737008 ABE+N0 B9
T73.7008 - 235000 0006+ 08 88
2345000 - 1955000 0006+ 08 9
195.5000 - 150.4000 0.00+00 99
158.4000 - 117.3000 0.006--00 99
1173008 - 73.2008 0.00+00 89
TE2008 - 301908 A.0N+M 08
31000 - 10830 A0+ 09

ENERGY SPECTRA AND ANGHLAR BISTRIBUTIONS OF ELECTRONS LATERALLY ESCAPING
ADMUTNAL INTERVAL IS 0.50000 TO 180.50000 BEGREES
(NUMBER/(MEV* $R2), NGRMALIZER T8 ONE PARTICLE)

THTA= 0000 10008 208500 30808 M50 AN UM NN I8
£ (MEV) 10800 20800 30000 40500 SN 700N NN 1209 150008

391.600-351.900 0.00C-+- 08 83 0.00C -+ 00 99 0.00¢ 00 29 .00C-+- 00 99 0.00( -+ 00 99 0.00F+ 08 93 0.00C 00 29 000+ 00 95 0.00E+ 00 09
251.900-312.808 R.006-+ 06 99 0.00C 00 29 0.00¢ -+ 00 9 .000 -+ 00 £0 S.00C 00 99 000+ 08 08 0.00¢+ 00 95 .00+ 00 90 0.0+ 00 08
312.500-273.700 0500+ 08 98 5006+ 00 53 S.00C+- 50 95 0.001 -+ 00 58 0.00¢ -+ 00 39 0.00F -+ 30 98 100+ 00 98 0.00F - 00 89 0006+ 0 89
Z73.700-230.500 1.00C+ 08 89 0.00F -+ 00 98 0.00¢ -+ 00 95 0.00¢ -+ 06 95 .00+ 00 99 5.00E -+ 00 39 0.00¢ -+ 00 93 0.00F + 00 99 3.001 - 08 89
230600195500 0.006+ 00 09 0.00F -+ 08 99 0.00€+ 00 95 0.00¢ 00 95 000+ 00 95 L.00¢ -+ 00 59 0.00F -+ 00 99 0.00F + 00 09 0.0+ 0 89
195.500- 156.400 0.006-- 00 $9 1.00¢ -+ 08 99 0.90 00 23 0.00 08 99 0.00F -+ 00 99 9.00F -+ 00 99 0.00¢+00 99 0.00¢ -+ 00 99 0.00( + 00 80
150.400-117.208 0.83¢-+ 00 $9 0.006 -+ 00 59 0.905 - 00 29 0.00¢ -+ 08 99 0.00F -+ 00 35 0.00 -+ 00 39 Q.00+ 00 59 0.00¢ -+ 00 99 0.00 + 00 89
117.300- 78.200 0.50¢--00 85 6.80¢ + 00 99 1.00€+ 08 99 2.00 + 00 99 0006+ 00 89 2.00 + 00 29 6.00¢+ 00 95 0.00¢+ 00 39 1006+ 00 99
70208 30.108 0.00C+ 00 98 0.00¢+- 00 99 0.00E - 00 59 .00+ 00 89 2.30(-08 39 1.35E-08 95 1.196-00 39 0.00F+00 90 0.0+ M0 90
30.100- 1583 0.00-+-08 99 4.700-05 45 4.226-04 12 S.11E-04 7 A.08E-04 11 1.796-04 9 223105 14 255E-08 71 0.0E+ 0 99
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ENERSY SPECTRA AND ANGUAR BISTRIBUTIGNS O ELECTRONS LATERALLY ESCAPMNG
AZMUTRAL INERVAL IS 0.90000 TO 138.06008 DECREES
(WUMBER/(MEV* SR), NGRMALITED T9 ONE PARTIELE)

THETA=150.008
E (MEV) 1500

3015800 - 351.9000 0.00+00 09
3519000 - 3123000 0.00+00 0
3123008 - 7737008 00NE+N0 99
737000 - 2348008 000K+ 99
2348008 - 1555008 M0N0 9
105.5000 - 158.4000 0.00E+00 B9
158.4500 - 117.3008 0.006+00 B8
117.3008 - 75.2000 0.006+08 88
TS.2008 - 301000 0.006-+08 88
30.1000 - 18030 000+ 99
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APPENDIX B. INTERACTIVE DATA LANGUAGE (IDL) DATA
MANIPULATION AND PLOTTING PROGRAM

IDL is a programming language commercially available
from Research Systems Incorporated that is capable of being
used in a wide variety of computing and graphics
applications. In this work the IDL language was used to
write a relatively user-friendly program that performs basic
functions necessary to extract data from the standard
ITS/CYLTRAN formatted output files, rearrange the data into
proper data structures for plotting, and plot the data on a
selected device. There is no substitute for reading the IDL
user manuals as an education in how to use the language,
however, the following is a user's gquide to using the

analysis and plotting program written for this work.

A. RUNNING IDL AND EXECUTING PROGRAMS

The IDL compiler is an interactive program that is
installed on the VAXStation 3200 in the directory IDL.DIR.
All IDL commands are compiled as they are entered, whether
they are entered directly into the compiler from the
terminal or as a batch stream from a command file, or
program. In this respect, then, IDL runs in a mode very
similar to PC Basic. To invoke the IDL compiler after

logging on to a user account, type "IDL". Some licensing
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information will be printed on the screen and the prompt
"IDL>" will appear. At this point, IDL commands may be
entered and compiled directly from the terminal. The point
of entering commands this way is that the powerful
capabilities of the language (which can be appreciated by
reviewing the commands and what they can do) can be used
without a lot of programming effort.

A complicated series of IDL commands, such as the ones
necessary to ranipulate the large CYLTRAN output files,
should be typed into a command file. The format of the
commands is the same as if they were entered interactively,
but they are put in a text file using the text editor
available with the VAXStation 3200 (called EVE). After
constructing the command file, save it with a name ending in
the file extension ".PRO", for example MY_PROGRAM.PRO.

To run an IDL program saved in a text file, type the IDL
executive command ".run MY_PROGRAM.PRO". The IDL compiler
will compile and execute the program.

Output from the program can be displayed on one of
several devices with great ease. To display a plot on the
monitor, the command "SET_PLOT, 'X' " ¢ ould be entered
prior to the PLOT command, which generates the plot itself.
X (for X-windows) is the default output device. To plot a
drawing on a Hewlett-Packard plotter which uses the HPGL
language, enter " SET_PLOT, 'HP' " prior to the PLOT

command.
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B. RUNNING PLOT.PRO TO ANALYZE CYLTRAN OUTPUT

The name of the IDL program written to analyze the
formatted output generated by CYLTRAN in this work is
PLOT.PRO. The main program calls the three procedures
(which is the IDL name for a subroutine) called READ.PRO,
PLOTDATA.PRO, and REFDOSE.PRO. The IDL command code for
these four command procedures are located each in separate
text files of the same names. To run the program, all four
of these files must be in the user's directory (they don't
actually have to be in the user's directory, per se, but the
user must be able to tell the IDL compiler where to look for
them, and the IDL compiler must be able to access them).

To execute the program PLOT.PRO, at the IDL> prompt,
type the command " .run PLOT.PRO ". This assumes that all
four of the program files are in the user's root directory.
IDL will compile and execute the plotting program.

As the program is executing, it will prompt the user,
either through the terminal command window or by a mouse
menu window, for input or choices. If the user knows the
name of the CYLTRAN output file, the answers to some
elementary questions about the problem geometry and CYLTRAN
input zones, what kind of output he wants, and what device
he wants it on, the use of the program should be self-
explanatory.

The data reading portion of the program is generally
applicable. That is, the PLOT.PRO procedure should be able
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to read most of the data usually of interest from any
CYLTRAN output file, regardless of the problem material,
geometry, of number of input zones. This capability is a
tremendous asset in itself, because the user has the ability
to halt the prcgram after it reads the data and to enter
commands interactively to plot or manipulate the data in any
manner desired. However, if the program is used for graphics
output on any CYLTRAN problem that deviates even in a small
way from the geometry of this work (cylindrical with annular
arrays of TLD's radially dispersed at regular longitudinal
intervals) the results cannot be guaranteed. Proceed with
caution.

More comments on the specific use and purpose of each
portion of the program are included in the source code
documentation for the program itself. The user is encouraged
to read through the source code briefly before running the

program.

B2ZZZXXXAZELZ XA A2 R2 XXX 222222222220 R XXX 222 AR ARl sl sl

Aegln maln program
COMMON PLOT,
modules,zones, radius, Ziact, aigap, series, series 1, ssries2, seriess,$
seriesd, seriesS, seriest, struc2, slsct_smergytargst,rel,rell rei2$
Pel3,reld, refpts,acceptxt, acceptyl, accapti2, accepty2,$
acceptn3,accepty3, acceptnd, acceptyd, zstart, gescheics, cheice, $
plstcheice, radaum, maxval minval fie, cmd, cheice2, strucl, $
flag, titie, fiename, card tempstrac, zonstemp, temp 1 lowmalk, tomp2, $
oftag, Lk Zone
=0 &tthe="
cheice=0
struc1 = {zone, aumber:0,mat:0,zie1t:0.0, 2right:0.0,7:0.0,reut:0.0,$
slcut:0.0,phetcut:0.0,mass 0.0, vohame:0.0, snorgy:Mare(8) }
struc2 = {annzone, number:0,mat:0, Zieft:0.0,2right:0.0,rix:0.0,reut:0.0,3
sicat:0.0,phetcut:0.0,msss:0.0, volume:0.0, snsrgy:Marr(8), $
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Padius:0.0,2:0.0,712¢1:0.0, dese:Mare(8))
;This is the main mens section
fiag=0
whils fag EQ O do begh
cheics =wmean(['ITS GRAPHICS ROUTINE','Precsss a sot of data’,$
‘Preducs 3 standard plet’,'Exit’], This=0)
cass cheice of
1: readdats
2: pletiata
3 =1
endcass
endwhis
print, Type .continue to hak the program '
print,’ or sater interactive DL commands.’
stop
oud
PRO readdata

;mmmnauunummmﬂ-mum
{CYLTRAN IT3 cade. k may sven be abis to read ACCEPT outpst fies,
;hut its ability te de 3o kas net besn lested.

COMMON PLOT,
medules, 7ones, radins, Zfact, aigap, series, series 1, series2, soriesS, $
serissd, seriesS, series, struc2, slsct_sasrgy targetrel,rell,ref2,$
Pef3,reld, ralpts, accestx1, acceptyl, accepti2, accopty2,$
acceptxd, accepty3, acceptxd, acceptyd, 2start, gescheice, cheice,
plstchoice, radnum, maxval minval, fie, cmd, choice?, struc1,$
flag, thie, (Bename, card, tompstruc, zonstomy, tomp 1 lowmakt, tomp2, $

oftag,LLi 7one
Mesame =" Sthle=" &zones=0 &i=0 &=0 &k=0 Saflag=0
card="

print, ‘Type the name of the (TS eutput fie
print, format= '(" ©.5. (ones.directorylcyt50.0ut;1 *8) '
read, (lename
spear, 1, fiename
for 1=0,14 do read!,1,card
WHILE NOT EOF(1) DO BEGIN
readf, 1, card bepin reading dats
Jook for key headings
¥ strmid(card,0,5) og '1°***’ thes bepin
readl, 1, card
/Nad the sumber of Zones and the Zone gesmetry data
:and read them
¥ strmid(card,5,24) oq ‘GEOMETRY DEPENDENT INPUT" $
thea bepin
readi, 1, card
read the sumber of Tones
readi, 1, fermat="(24x,15)’, zemes
zoue = replicate(strucl, zones)
;create 2 structure for sach input zoue
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tompstruc = {2onstemp, sumber:0.0,m2t:0.0,20:0.0,$
right:0.0,rin:0.0,reut:0.0,elcut:0.0,photent:0.0 }
onctamy = replicate (lompstruc, 2ones)
:This ssctien reais i 2on¢ pesmstry data for any number of Zones.
:The number of zones is read from the [TS eutput M.
for 1=0,2 do readi, 1,card
readi, 1, 20n0tomp
2008.2umber = Zonstomp. Aumber
2008.28 = 2onstomp.mat
7000 .1t = zonetomp.Zisft
2008.7right = 2onstomp. 2right
2008.MA = 2onctemp.rn
ZoR8.PONL = Toustemp.roit
7ons.¢clcut = zonetemp.slcut
zone.photcut = zenstemp. photcut
ondi
Md the tithe
N strmid(card,0,5) s ' * ' then begin
readt,1,card
¥ strmid(card,05) oq ‘' * 'then $
title = strmid (card,5,74)
ondi
ondlf
;Tnd the energy data and read R inte the structurs
¥ (strtrim(strmid(card, 1,68),1) oq "ENERGY DEPOSITION") $
and (eflag EQ 0) then begin
:This sectien reads in snergy deposition data for 800-849 zenes.
:Te read for mers or fewer zones, you must change the size of
[he structure accordingly, Le. te read 658 Tones, sst the vaine
of “lowmait" to 650 or ,in yeneral R sheuld be X, the nearest
Jewer muktiple of 50. Alse, the upper Bkt on ] Is autematicaly
;sot oqual te that sumber divied by 50 minus 1, ¢.9. 650/50-1,
90 ]=0,12
tempstract = {zonetemp1, number:0.0,mat:0.0,mass:0.0, vosme:0.0, $
energy:Mare(8)}
temp1 =replicate(tempstrucl,50)
m 222 A 222222 R R 2RSSR RIS RSS2 X 1)
peint, ' The parameter "lowmukt® should be sot to the '
priat, ' nearest lower multiple of 50 to the number of '
print, ' imput zones in the problem. ’
m e
print, format= '(" Typs the vakie of lowmuk:",$)’
read, lowmull
temp2 = peplicate (tempstruct, zonss-lowmalt)
for 1=0,2 do readl,1,cord
for )=0,Mx(Jowmakt/50.0-1.0) do hegin
readl, 1,temp1
2o0e(}* 50:) 50 + 49).munber = temp 1 .sumber
200e(°50;)° 50 + 48).mat = temp 1 .mat
rone(]*50:*50 +48).mass = tomp1.mass
2one(J*50:)° 50 + 49).vohime = tomy 1 .volume
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zone(* 50 50 +48).energy = temp1.onergy
for i=0,3 do readf,1,card
endier
readi, 1, temp2
200e(lowmalt:zoaes- 1) sumber = temp2. sumber
ons(lowmaR:7ones-1).mat =temp2.mat
zo0e (lowmait:2ones- 1).mass = tomp2.mass
000 (lowmnit:2enes- 1).volume = temp2. . volume
zone (lowmait:zones-1).onorgy = lsmy2.onergy
ofig=1
sadi
ENDWHILE
print, ‘End of data fhe reached’
retore
o

PRO pletiata

;This procadurs is writtea to preduce plets lor the speciic
{CYLTRAN peometry being studied in the thesis by RN Yaw. kR will
;prehably set produce meaningtul praphics for any sther
;configuration, atheugh any sther program for plottng
ATS output will probably be simlar te this.
COMMON PLOT
medules, 7ones, radins, Ziact, airgap, series, seriss 1, seriss2, sories3,$
ssriss4, seriesS, seriest, struc2, slect_energy,target,rel refl ref2,$
Pref3, reld, refpts, acceptnl, acceptyl, accepi2, accepty2,$
acceping, aceaptyd, acceptud, acceptyd, 2start, peschoice, cheice, $
plotchoice, raduizn, maxval mipval, Mie, cmd, cheice2, struct,$
fiag, title, Mename, card, tompstruc, zonctemp, tomp 1, lowmuRt, tomp2,$
oflag.Lik 2o0e
;The parameter modules must be set to descriie the number of sets
;o1 annular rings used in the probiem, Le. 6 (78 zones),
;83 (758 2emes), B9 (828 zemes), 55 (860 zemes), stc
&i=0 &J=0 &choice=0 &choice1=0
m XXX 2222 222222 XSRS ARRR SRR R Y X X 1)
print, lformat= (" Typs the sumber of detector $
medules preseat:” $)’
read, moduies
=Rarr(zones)
radins=0.0
fact=0.0
arsp=0.0
soriss = replicate(strac2, medules)
seriss1 =seriss hseries2=seriss ssriss3=seriss &serissd =seriss
ssriesS=soriss LseriesO=seriss
m XX XA ZZRZRRZEZZZRRRRSASZR 222 2 7}
print, format= ‘(" What is the average clectren smergy n$
MeV1",8)’
Pead, olect_saergy
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m UAZEXEIRERE AR SRR 2 248022222 2222222 QY]

Smmtmutmmtmmmmmu
;assigus values te the desss ebtained by exporiment at Bates-MIT
;38 that a reforence ine can he pletted against (TS caiculations

target=0

start=0.0

rel_doss
;'ti.'!Q.t.t.t..'t...ii".'O't't""..l...‘.t.."'....'t'..tt.t'tti'ii;m 'm “ m w m l. '
ssparate stracturss;
;one for each radius at which dese is messured. The index | comts
Through ibe number of input zones pressut at sach radins. This is
siifferent for sach geometry. The uppor Ikt of | is
;(rones-unmeasured Zonss)/# annular rings - 1
JFor series of 6 LF detectors with ne intermediste target 2ones i=0,5
;For 758 input zones, ne LF detecters, i=0,62
JFor 828 input 2oues, with 8 LF detectors, i=0,68
;For 660 input zonss, with 5 LF detectors, |1=0,54
;i any cass, the upper uk oa | is modules-1

DAAL R AR 2 2 2 2 X2 R A 2 2 R R 2R 22 2222222222 2222 R R R MR SRR X
’

geochoice=" *
m 2222222 AR X2 SR 22222 R R R R R A XS R R R R R XSRS SRR XXX 14
print, * Are there any target sections between detecter$
rings for whick’
preint, format= '(" the doss will not be plotted? y or u:",8) ’
read, geochoice
m"'.t.i.t't.'tt'.'.'.t.'t"t't'.'....t.tt".""t'tt.l
for i=0,modules-1 de hegn
for j=0,N_TAGS(zone)-1 do hegin
¥ (peochoice a4 "y") then begin
series1(D.D=10me(1+1"13).0
series2(D.D =zene(3+1°13).Q
series3().D=zome(5+i"13).Q
seriesd(D.(D =zone(7 +i*13).0)
soriesS(D.(D=10ne(8+1*13).Q
seriesB8(D.(D=20me(11+1"13).Q
sories1(D1=2(1+i*13)
seres2(D1=1(3+i*13)
series3(M2=21G+i"13)
sorlesd(D21=1(7 +I*13)
soresS(D2=2(0+1*13)
sories8(N.21=2(11+1*13)
ondil olss bephn
series1 (.0 =2000(1°12).(0
serles2(D.D=1000(2+1°12).0
series3(M.(D=20me(4+i*12).0
serissd(D.(D =z0ue(8+1°12).Q
seriesS(.(Q =100e(8+1°12).Q
series8 (0. =000 (10+1*12).0
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sories2(D.2=1(2+1"12)
sories3(D21=2(4+1"12)
serissd(D2=12(8+1"12)
soriesS(N.1=2(8+1"12)
series8(D2=2(10+1"12)
ondeiss
soriss1(D.2fact = (serins1 (D). mass/sories1(D.vohume)* §
(series1(D.zright-soriss1().ZeN)
soriss1(D.dese =series1 (D) .onergy/seriest (D.mass
series2().1fact = (soriss2 () .mass/series2(D). volume)* §
(sories2(]).zright-sariss2(l).Zelt)
soriss2(D).dess = series2 (D) .energy/series2 (). mass
seriss3(D.Zact = (series3(D.mass/sories3(D).volume)* $
(series3(D.zright-series3().ZeN)
series3(D).dess = seriss3 (D) .onorgy/series3 (). mass
soriesd (D.2fact = (serissd (D). mass/sorinsd (D.volume) * $
(seriesd (D .zright-seriesd (). ZeN)
seriesd (D.doss = seriesd (D) .onergy/seriesd (). mass
seriesS(D.fact = (seriesS(D).mass/seriesS (D). volume)* §
(seriesS(D).zright-seriesS(D . Zefl)
seriesS(D.doss = seriesS(D.energy/seriesS (D). mass
seriesB(D.fact = (series6(D).mass/seriesB (1) .volume)* $
(seriest (D.zright-ssriesB(D).Ziet)
series8(D.dose = seriest(D.energy/series8 (D). mass
ondfor
endior
series1(0).2=seriest(0).11act
series2(0).1 = series2(0).rfact
series3(0).2=series3(0).11act
series4(0).1=series(0).tfact
series5(0).2=series5(0).ract
series8(0).1=seriesB(0).zfact
for i=1,modules-1 de hegin
sories1(D.Z=series1(1).Z+3seriest(D.2Mact
series2(D) .2 =series2(i-1) 2 +series2 (D .2Mact
series3(D .2 =series3(i-1).2+series3(D.Zact
seriesd (D .2 =seriesd (i-1).2+ seriesd (D.Mact
soriesS(D.2=seriesS(i-1).1 +seriesS(D.act
sories8(D .2 =ssrissB(i-1).2+ series0(D.Mact
ondior
seriest.radius=0.0
sories2.radius=1.0
sorlesS.radius=2.0
seriesd.radius=5.0
soriesS.radius=10.0
serisst.radius =20.0
loop: cheice=wmenu(['Select a plot -*,$
Total dose - afl radk, 7 n g/cm2’, §
Total dose - ol radk, 7 b cw’,$
"Breakdown by siectron type - ene radius’,$
‘Stop and Make a Custem Plet’,'Bxit’], Tie=0)
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case choics of
1: hegin

; This section dees a plet of saergy depeskion vorsus 7 for al

; Padl with 7 pivens In grams por sguare cestimetor

; alow 3 cheice of output graphics devices
plstcheics = wmenn($

['Chosss a graphics device -','A-windows’, $

‘WPEL','PCL’, Pestscript’], Tis=0)
case pletcheics of
1: sat_plet,'X
Z: sot_plet,'HP’
3: sat_plet,'PCL’
4: sst_plot,'P§’
endcass
; plot the Bates data for refsrence
¥ (target oq 5) thea hegin
Jthere are oaly 3 reference ines
; Siven I data for this target

plot_je,ref2.7,ref2.dese, title = strtrim(title),$

ytitie="Doss (MeV/kg)',$

Xtitie ="LengRudinal Distance (y/cm2)",$

yrange=1{1.02-08,1.0e+02], $

=[0,max(ref2.24+10)],5sym=8

oplot,ref2.7,rel2.dess color=3
Xysuts,ref2.2(refpts-1)+1.5,8

ref2.dess(relyts-1),'r=2.0cw’

ondil siss hepn

plot_ls,ref1.2,rel1.dose, title = strtrim(titie),$

yiitle ="Doss (MeV/\y)",$

xtitle = "Lougitudinal Distance (g3/cm2)’,$
yrange=[.0000001,max(ref1.dose)], $
xrange = [0,max(ref1.2+10)],psym=8

oplot,rell.zrell.doss,color=3
xyeuts.rell. sefpts-1)+1.58

rell.dose(reipts-1),'r=0.0cw’

oplet,rel2.2,ref2.dese, psym=06
oplet,ref2.2,ref2.dose, color=3
¥ (target oq 4) then §

Xyeitts, ref2.2(refpts-1) +1.5,$

ref2.dese(refpts-1),'r=2.0cw’ $

olss $
Xyouts,refl.z(relpts-1)+1.5,$

refl.dese(refpts-1),'r=1.0cm’

ondsiss

oplot,ref3.7,ref3.dess, psym =8
oplet,rel3.7,re13.dess,color =3
xyouts,rel3.2(refpts-1)+1.5,8

ref3.dese(refpts-1),'r="35.0c’

oplet,refd.z,rei4.dese, ssym=6
oplet,reld .z, reld.dosse, Color =3
xyouts,refd.z(relpts-1)+1.5,$
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reld.dose(relpts-1),'r=20.0cw’
x=[10,18]
y=1[6.0e-08,6.08-08]
¥ (target o 5) thea y=[2.0¢-07,2.0¢-07]
xysuts x(1) +1,0.9°y(1),'Batss data’
oplet,x.y,color=3
;plot the caicuisted desss
1 target is 4-PMMA/air/1-PMMA there are only 3 reforsace lnes
Siven b the data for the target, 3o don't plot seriest
¥ (target ne 5) thea $
oplet, series1.z, series1.dese(B) psym=1
¥ (target oq 4) or (target oq 5) thea $
oplet, series3.7, series3.dese(B) paym=2 $
olse oplet, series2.2, series2.dese(B), ssym=2
oplet, series4.2, series4.dess(6), psym=4
oplet,scriesB.2, seriesB . dese(B), psym=5
ond
2: hegin
;This section does a plot of energy deposkion versus 7 for all radi
;with 7 given in centimeters

;allow 2 cheice of sutput graphics devices
pletchoice = wmenu($
("Chosss 3 graphics device -',’X-windows’, $
‘HPEL','PCL’,'Postscript’], TRie=0)
case plotchoice of
1: sst_plot,'YX
2: set_plot,'HP”
3: sat_plot, PO’
4: sat_plet, P8’
endcass
;plot the Bates data for reference
¥ (target oq 5) then begin
fthers ars only 3 reference lues
;given in data for this target
plot_ls,rel2.2right, rel2.doss, title = strtrim(title),$
ytitle="Dose (MeV/kg)’,$
Xtitie="Longitudinal Distance (cm)’,$
yrange=[1.0s-08,1.0¢+02], $
xrange=[0,max(ref2.2right)] psym=8
Xxysuts,ref2.zright(refpts-1)+1.5,8
ref2.dose(refpts-1),'r=2.0cw’
ondil sise begin
plot_jo,rel1.zright, rel1.desse, thie = stririm(ikie), $
ytitle="Doss (MeV/ky)'.$
xtitle = "Longitudinal Distance (cm)’.$
yraage =[.0000001, max(ref1.doss)], $
xrange = [0, max(ref1.zright)],psym =8
xysuts, retl.rright(refpts-1) +.05,8
rell.dose(reipts-1),'r=0.0c’
oplot, ref2.2right, rel2. dese, psym=8
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¥ (elect_snergy og 391.0) then hepin
oplot, acceptn1,acceptyl, Inastyle=2
oplot,acceptn2, accepty?, Inestyle = 2
ondif
¥ (target oq 4) or (target o4 5) then $
Xyouts,rel2.right(reipts-1) +.05,8
ref2.dese(reipts-1),'r=2.0cw’ §
olse §
Xysuts,ref2.2right(refuts-1) +.05,8
ref2.dese(refpts-1),'r=1.0cw’
endelss
oplet, ref3.2right, refS.dese, psym =6
Xysuts ref3.zright (refpts-1) +.05,rel3.dess {retpts-1),$
‘r=5.0cw’
oplet,rel4.zright,reld.dose, psym=8
Xyouts, refd.zright (refpts-1) + .05,re/4.doss(relpts-1),3
‘r=20.0cw’
x=[18,18]
y=[1.0s-07,1.0e-07]
¥ (target oy 5) then y=[2.0s-07,2.08-07]
xysuts, x(1) +2,0.8*y(1), Bates data’
oplot, ..y, psym=8 ; color=3
oplot, [x(1)-10,x(1)],[0.5y(1),0.5*y(1)]
xyouts,x(1) +2,0.45*y(1),'Preseat CYLTRAN Model’
i (target ne 5) and (elect_suergy oq 391.0) then hegin
oplot,acceptn3, acceptyd, Inestyle =2
oplot,acceptnd, acceptyd, Inestyle =2
oplot,[x(1)-10,x(1)1,10.25*y(1),0.25*y(1)],$
inestyle=2
xyouts,x(1) +2,0.2°y(1),’Bates ACCEPT Model’
ondit
;plot the calcuiated doses
J target is 4-PMMA/air/1-PMMA there are only 3 reforence Ines
;given i the data for the target, so don't plot series!
¥ (target ne 5) thea $
oplot, series.right, seriest.dese(B) ; psym=1
¥ (target eg 4) or (1arget oq 5) then $
oplot, series3.right, seriesd.doss(6) §
sise eplot, series2. mright, series2.doss(8)
oplot,series4.zright, serissd.dose(6)
oplot, seriesB.mright, seriest.dese(8)
ond
3: beghn

;This section does a plot of the energy deposition calculated at 3
;chesen radius. The total suergy deposited is plotted sver the valuss
;lor deposiion by sach type of electren (Ls. priuary, secondary,
;and Imeckens)
choice? = wmenu(["'What radius wil you plet?’,’0.0cw’, $
‘1.0cw’,'2.0cw’,"S.0car’,'10.0cw’,’20.0cm’, $
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1: begin &series=seriesl =0.0 Gond
2: begin Sseries=series? bradius=1.0 &omd

i
E
E

;allsw 3 cheice of sutput praphics devices
pletcheice = wmenu($
[‘Cheoss 2 praphics devics -',"N-windows’, $
'HPAL’,'PCL’,'Pestscript’], Title = 0)

3: set_piot, PQL’
4: set_plot,'PS’
endcase
radnum = string (radius)
maxval=max(series.dose) &minval=min(series.dsse)
plot_le,series.z series.dose(0),$
title = stetrim(title) + ICRadiuis =’ + strmid (radnex, - ,3) +$
‘em’,$
ytitle = Dose (MeV/ke)',$
xtitle = "Longitudinal Oistercs (3/cm2)’,$
yrange = [miaval maryall,$
xrange = [0,60], ymargh = [4,4]
Xysuts, serie (5).1+ 2, series (D). dess(0), Prisusiy’
oplot, 2 ~'e. . series.dese(2)
xysuts,s*2+(5).1+ 2,38~ 3(5).de38(2), Kneck-ens’
oplot,s  .zseriss.dess(4)
Ayouts,s: - £3(5).2+ 2, series(5).dese(4),'G-38¢’
oplot, series.z, series.dose(B)
Xyouts,series(5).1+ 2, series(5).dose(6), Tetal’
ond
2 begh
;allow . tuoice of eutput praphics devices
plotchoice = wmenu($
['Choose a praphics device -','X-windows’, $
HPGL','PCL’, Pestscript’], e =0)
cass plotchoice of
1: sat_plot,'(
2: sot_plot,'HP’
3: set_plot,’PQ’
4: set_plot,'P§’
ondcase
;allow user te make a custom plot with precessad .
Aata fle
stop
ond
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shdcase
i (plotcheics oy 1) thes i=1
;N the devics is a hardcopy device, give the optien of preducing
‘hardcepy
¥ (plotcheice oy 2) or (plotchoice og 3) or $
(niotcheics oy 4) thea $
i=2
case | of
1: print,'CONTINUING IN X-WINDOWS MODE’
2: bogin
hard: sst_plot,'x’
kardcopy=wmenu(['Hardcopy Options’,$
‘Preducs 3 Hardcezy oa the Pletter’,$
‘Make an addition te the plet’,'Ne Hardcopy'l,$
title=0)
cass hardcopy of
1: begin
set_plot, 'y’
sevice,/close
fle="WL' + striowcase(!d.name)
e = ‘copy ' + flie + ' ¢330’
spawn, oo
sst_plot,'x’
sud
2: begh
print, ‘*** Enter any additional plot anuotations$
interactively.”’
print, '*** Type .continue to continue the program. ***'
stop
gote, hard
ond
3: hegin
set_phot, 'y’
device,/close
end
endcase
ood
sndcase
print,’**** Type .coutinue to hak the pregram ****’
print,****  or enter imteractive DL commands.****’

stop
set_plot,'X
choice2 = wmenu(['Maks a choics!’,$
‘Maks ancther plot with carrent data’, $
Return to maln menw’,'BXR’], Thie=0)
case cheice? ol
1: gate, loop
2: reture
sndcase
ond
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PRO ref_sese

COMMON PLOT
modules, Zones, radiuss, Ziact, algap, series, series 1, series2, sories3, $
seriesd, soriesS, soriest, struc2 slect_suergy,target.relrell rei2,$
Pei3,refd, relpts, accepixl, acceptyl, accepti2, accepty2.$
accepix3, accopty3, acceptnd, acceptyd, zstart, pescheics, cheice, §
plstcheice, radaam, maxval, minval, fle, cnd, choice2, struct,$
flag, title, Mename, card, tompstruc, zonctomp, tomp 1, lowmalt, tomp2, $
oftag.LLk 2008
=wmenu(['What is the Target? ', §
‘Akisinam’, ‘Lead Followsd by Aminam’ ,$
‘PMMA (LucRe)',$
‘1-PMMA, Air Gap, 4-PMMA’,'4-PMMA, Al Cap, 1-PMMA'], Title=0)
case target of
1: beghn for Aluminum target
ref = {relereuce, Zfitarr (5), Zright:Mare (5), radins:0.0,$
dose:Mare(5) }
reil =rel &ref2=ref &reiS=ref &reld=ref
refpts=5
acceptx1 =Marr(relpts) Gacceptyl =Mtarr(reipts)
acceptx2=Mtarr(reipts) &Gaccepty2=Mtarr(reipts)
accepix3 =Mare(relpts) Gaccepty3=Marr(refpts)
acceptxd = Marr(reipts) Gacceptyd =Marr(refpts)
ref1.2=[11.50,24.50,38.00,51.50,68.50]
refl.radius=0.0
ref1.zright=[4.56,9.88,14.98,20.28,28.14)
ref2.z=reil.2
ref2.2right=refl.2right
ref2.radius=1.0
ref3.2=rell.2
rel3.zright =rell.right
refd.radins=5.0
reld.z=rell.2
rel4.zright =rell.mright
rel4.radius=20.0
i (elect_snergy e 391.0) then begin
refl.dose=[198.0,6.5,2.4,1.2,0.8]
acceptx] =rell.mright
accspty! =[20.0,5.4,2.1,1.1,0.85]
ref2.dess =[3.2s-02,1.48-01,2.32-01,2.20-01,1.5¢-01]
sccaptx? = ref2.7right
accepty2=[2.5¢-02,.13,.32,0.25,0.14]
ref3.dose=[1.1s-04,3.2¢-04,8.5¢-04,2.0s-03,2.5¢-03]
accoptxS =rel3.2right
accepty3=[4.0e-04,2.9¢-04,8.0¢-04,1.8¢-03,1.82-03]
reid.dose =[1.8¢-08,3.2¢-08,5.0¢-08,8.00-08,8.0s-08]
accoptxd =reld.2rigt
acceptyd = [5.49-08,1.8¢-07,3.5¢-08,5.5¢-08,5.0¢-08)
ondll
¥ (slect_energy eq 200.0) then begin
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refl.dess=[5.0,1.8,0.75,0.35,0.18]
ref2.dese =[0.58,0.24,0.18,0.1,0.055]
refd.dese=[1.4¢-04,4.3s-04,1.1¢-03,1.8¢-03,2.05¢-03]
rel4.dess = [3.3¢-08,1.1¢-05,1.3¢-05,1.35¢-05)

ondif

ond
2: hegin Jor Leoad followed by Akuninum

rel= {reforencs,ZMarr(5), zright:Mare (5), raiing:0.0,$
dese:Mare(5) }
reil =rel &rei2=re! &ref3=rel &reld=ref
reipts=95
acceptx] =Marr(reipts) Gacceptyl =Marr(reipts)
acceptx2=Marr(refpts) &accepty2=Marr(reipts)
acceptx3=Marr(refpts) Gaccepty3=Marr(reipts)
acceptnd =Mitare(refyts) &acceptyd=Marr(reipts)
rei1.2=[10.9,25.0,38.0,51.0,67.1)
refl.zright=[1.29,8.81,11.83,17.05,23.32]
refl.radius=0.0
ref2.7=rell.7
ref2.right =rell.right
ref2.radius=1.0
ref3.1=refl.z
rel3.2right = rell.zright
ref3.radius=>5.0
reld.z=rell.z
refd.zright =ref1.2right
rel4.radius=20.0
¥ (elect_energy eq 301.0) ther begin
refl.dose=[21.0,3.2,1.3,0.48,0.24]
acceptx1 =rell.zright
accentyl =[30.0,2.95,2.0,0.55,0.25]
ref2.dose=[0.18,0.21,0.19,0.14,8.0s-02)
acceph? =ref2.7right
accopty2=1[0.2,0.3,0.24,0.13,0.1]
ref3.dose =[4.5¢-04,1.7¢-08,2.5¢-03,2.8¢-03,2.8-03]
ascceptx3 = refS. right
accepty3=[3.9¢-04,2.2¢-03,4.1¢-03,5.5¢-03,3.9¢-03]
rel4.dose=[5.0¢-08,1.5¢-05,2.0¢-05,2.2¢-05,2.1¢-05)
acceptnd =reld.2right
acceptyd =[4.2¢-08,1.3¢-05,1.5¢-05,7.9¢-08,2.8¢-081
endi
i (clect_suergy eq 200.0) then hegin
refl.dose=(7.5,.80,.54,.34,.41]
ref2.dose=[.28,.21,.10,.055,.03]
rel3.dese =[5.8¢-04,1.6¢-03,2.00-03,2.48-03,2.08-03]
reid.dose =[9.9¢-08,1.7¢-05,2.3¢-05,2.5¢-05,2.3s-05]
ondi

ond
3: begin Jlor PMMA only

rel= {refereacs,ZMary (5), zright:Mare (5), rading:0.0,$
doss:Marr(S) )}




reil =ref &ref2=re! &rel3=rof &reld=rof

refpts =5

acceptx] =Marr(relyts) &acceptyl =Marr(relpts)

accopb2=Marr(reipts) &accepty2=Mare(reipts)

accopt3=Marr(reipts) Saccepty3=Marr(reipts)

acceptd =Mare(relpts) Gacceptyd =Mare(reipts)

ref1.2=110.0,20.0,30.5,41.0,51.8)

rell.right=[8.72,17.44,28.57,35.71,45.10]

refl.radins=0.0

ref2.1=refl.2

ref2.right = rell.1right

ref2.radius=1.0

ref3.2=rell.2

ref3.right =rell.2vight

ref3.radius=5.0

refd.1=rell.2

reld.zright =refl.2vight

reld.radius=20.0

¥ (clect_energy of 391.0) then hegin
refl.dese={10.0,4.8,1.7,0.75,0.21]
acceptx ! =refl.zright
accepty!=[18.0,2.9,1.5,0.8,.38]
ref2.dese=[3.2¢-02,1.42-01,2.3¢-01,2.2¢-01,1.5¢-01]
accepin2 =pref2. right
accepty2=[5.8s-03,8.08-02,0.28,0.30,0.70]
ref3.dose =[5.00-05,1.8¢-04,4.9¢-04,1.1¢-03,1.7s-03]
acceptxS=ref3.2right
sccepty3 =[2.0s-05,5.4¢-05,2.0¢-03,2.4¢-03,6.00-03]
refd.dose =[2.0e-08,3.8¢-08,5.1¢-08,8.5¢-08,7.18-08]
scceptxd = refd.Zright
acceptyd = [2.4¢-08,1.0e-08,1.8¢-08,8.08-07,3.18-08]

ondif

¥ (elect_snergy ey 200.0) then hegin
ref1.dose=[8.0,2.0,.85,.92,.68]
ref2.dose=[.059,.22,.18,.08,.05]
ref3.dose=1[1.12-04,4.4¢-04,1.3s-03,3.2¢-03,4.9¢-03]
reld.dose=[1.2¢-05,1.5¢-05,1.7¢-05,1.0e-05,2.08-05]

ondif

ond
4: begin  ;1-PMMA followed by an air gag, fellowed by
A-PMMA
rel= {reference, ZMarr(8), zright:Marr (8), radins:0.0,$
dese:MMarr(6) )}

refl =rel &ref2=re! &rel3=rel &reid=re!

refpts=6

acceptx] =ftarr(refpts) &accestyl=IMRarr(reipts)

sccapb2 =Marr(relpts) Gaccopty? =Marr(relpts)

accaptx3 =Mare(reipts) Gaccepty3=Marr(reipts)

acceptyd =MRarr(refpts) Sacceptyd =Marr(reipts)

print,format="("Entor the longth ol the air pap 0 §

e -8
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read, airgap
ref1.2=[10.35,10.40,20.80,31.80,42.30,53.10]
rell.right = [8.72,48.02,58.74,85.48,74.18,82.90]
refl.radins=0.0
ref1.dese=119.0,0.55,0.50,0.45,0.30,0.25]
accepixt =refl.right
acceptyl =(18.0,.25,.45,.32,.37,.28)
ref2.1=refl.2
Pel2.7right = rel] .2right
ref2.rading=20
ref2.dese=[1.8s-03,1.7¢-02,2.8s-02,4.5¢-02,5.08-02,4.5¢-02]
ascceptx2 =ref2.2right
sccepty?=[3.20-04,2.8¢-02,8.00-02,9.5¢-02,7.08-02,5.5¢-02]
refl.z=refl 2
PelS.zright = rel1.2right
reiS.radins=5.0
ref3.doss =[2.6s-05,8.0e-04,8.5¢-04,1.3¢-03,2.5¢-03,4.0s-03]
acceptxd = refS.2right
accapty3=[4.0s-05,2.0s-03,2.2s-03,3.8s-03,7.5¢-083,8.0e-03]
reld.1=rell2
reld.Iright = refl . 2right
refd.radius =20.0
refd.doss =[4.5¢-07,4.0e-05,7.0s-08, 8.0¢-08,1.0s-05, 1.5¢-05]
scceptd =reid.right
acceptyd =[2.1e-07,5.5¢-05,1.0e-08,1.3¢-05,2.08-08,9.5¢-08]
ond
5: begin  ;4-PMMA followed by an air gap, fellowed by 1-PMMA
ref= {reference, Z-Marr(B), 2right:Marr(6), radins:0.0,$
dese:Mare(B) }
refl =ref &ref2=ref Lrel3=ref &reld=re!
refpts=6
print format="("Entor the lsngth si the air gp 0 §
cm '.'s)'
read, airgap
rei1.21=[10.0,20.0,31.0,41.5,43.1,53.1]
refl.right=(8.72,17.44,28.16,34.88.74.18,82.90)
refl.radins=0.0
ref1.dess =[0.00,0.00,0.00,0.00,0.00,0.00]
ref2.1=refl 2
ref2.zright = refl .2right
ref2.radius=2.0
ref2.dese=11.8¢-03,5.8¢-03,1.6s-02,3.08-02,2.1¢-02,3.18-02]
refd.1=prell2
rel3.2right = rel1.2right
reiS.radins=5.0
ref3.dese=[8.0e-05,2.7¢-04,6.4¢-04,1.5¢-08,1.0¢-02,1.18-02)
reld.1=reil.2
reid.zright = ref1.2right
rel4.radius=20.0
reid.dess = [2.84-08,7.0¢-08,8.10-06,8.9s-08,2.9¢-04,8.9¢-05]
ond
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APPENDIX C. SUPPLEMENTARY FIGURES

The supplementary figures are intended to enhance the discussion in
chapter 3, but are not essential to understanding the results of this

work. The figures begin on the following page.
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Figure Cl. Dose Breakdown on Beam Axis for Target of Figure 11 with
10000 Electrons. On the centerline the dose is almost completely due to
primary electrons. Note the lack of dose after a radiation length, which
is 34.4 cm in PMMA.
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Figure C2. Dose Breakdown at 2cm Radius for Target of Figure 11 with
10,000 Electrons. There is very little energy deposited in the first
20cm. Note the reduction in scale from the previous figure, i.e the dose
is reduced quickly off-axis.
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Figure C3. Dose Breakdown at 5cm Radius for Target of Figure 11 with
10,000 Electrons. Dose is negligible until electrons reach the air gap.
Photon processes obviously play a more important role off-axis.
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Figure C4. Dose Breakdown at 20cm Radius for Target of Figure 11 with
10,000 Electrons. Note reduction in scale from previous figures. Also
note that the dose from primary, gamma-secondary, and knock-on electrons
is roughly equal.
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Figure C5. Low Resolution 391 MeV Dose Distribution for Target of Figure ,
4., Comparison of CYLTRAN calculations using 2 different random number
seeds, all other parameters remaining the same.
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Figure C6. High Resolution Dose Distribution for Target of Figure 10
with Different Random Number Seed. Compare to figure 10 to see that the
random number seed can cause the results to fluctuate about 20-50%.
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Figure C7. Dose Breakdown at 20cm Radius for Target of Figure 10 with
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drastic change in the distribution in the air.
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